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Automatic Sequential Transistor Specifications Tester 


FOR 


REQUIREMENTS 


BE SURE OF MAXIMUM 
RELIABILITY...SPECIFY 


Look to the pioneer producer of many millions of 
Military transistors for your critical applications. 
Philco has been the symbol of reliability from one 
of the industry’s first JAN types (2N128) to the 
present broad Military line. 

The enviable record of ultra-reliable performance 
has resulted in the use of Philco transistors in many 
Military programs. The following types are available 
to existing Military specifications: 


TYPE NO. APPLICATION MILITARY SPEC. NO. 


he 
LL oe 
pera ae — = 
2N128 High frequency amplifier MIL-T-19500/9A 
2N240 High speed switch MIL-S-19500/25A | 
2N393 High speed switch MIL-S-19500/77A (Sig C) | 3 
2N495 Medium frequency amplifier (Silicon) | MIL-T-19500/54A (Sig C) | — 
2N496 Medium speed switch (Silicon) MIL-S-19500/85 (Sig C) } 
2N499_—s|.-:~ VHF amplifier MIL-S-19500/72A (Sig C) |. 
2NSO1A | Very high speed switch MIL-T-19500/62 (Sig C) | 
2N502A } VHF amplifier MIL-S-19500/112 (Sig C) | 
2N599 Medium speed switch MIL-S-19500/166 (Navy) 
2N1118 Medium frequency amplifier (Silicon) | MIL-S-19500/138 (Sig C) | 
2N1119 Medium speed switch (Silicon) MIL-S-19500/139 (Sig C) 
2N1158A | VHF oscillator MIL-S-19500/113 (Sig C) | 
2N1199A | High speed switch MIL-S-19500/131 (Sig C) | 
2N1200 HF amplifier (Silicon) MIL-S-19500/105 (Sig C) 
2N1201 | HF amplifier (Silicon) MIL-S-19500/101 (Sig C) 
2N1411 High speed switch MIL-S-19500/133 (Sig C) | 
2N1499A } High speed switch MIL-S-19500/170 (Sig C) 
2N1500 Very high speed switch MIL-S-19500/125 (Sig C) | 


For information on any of the above types, write Dept. SP561. 


PHILCO 


Famous for Quality the World. Over 


LANSDALE DIVISION e LANSDALE, PENNSYLVANIA 
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Enterprise: cand Kenth numbers in leading industrial areas 


LWX-NY1-1013/ FAX-FQF 


Complete lines at factory prices 
Mail this postage card today for full information 


Gentiemen: 
| am interested in the following semi-conductors and cor. 
Please rush complete information. 


NAME 
TITLE 
COMPANY 


ADDRESS 


CITY ZONE 


The Leading Distributor of Product Proven Semiconductors a; 


y™ 
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EPITAXIAL GERMANIUM 


INDIUM ARSENIDE 


‘ i 
Z-MET SINGLE CRYSTAL SILICON 


THERMOELECTRIC MATERIAL 


© Ns o "POLYCRYSTALLINE SILICON] 
y | 


CRYSTALLIZE YOUR REARR 
SOLID-STATE DEVELOPMENT <~(‘)-4/«~ 
WITH A MATERIALS “tgs 
RESEARCH PIONEER 


Your profits in the next decade will be greatly benefited by the right choice of supplier of solid-state materials. 
The key question is what criteria to use in making the choice. The simplest, most reliable criterion has to be PAST PERFORMANCE. 


Judged on this basis the Electronic Chemicals Division of Merck & Co., Inc. deserves your attention. In just four short years, it has 
achieved these exclusive major breakthroughs: 


1958 Float zone, vacuum refined, doped single crystal silicon - 1959 Z-Met Thermoelectric materials 
1960 Epitaxial silicon N+ N wafers and Ill-V Compounds - 1961 Epitaxial germanium P+ P wafers 


When you hitch your product development to Merck Qe 
Wit Zz" 


materials research you are enlisting a proved pro- Firion "gl POR Eek peo SS 
ducer. If you want to be the first to exploit new - ; Sark 


<= 

= 

solid-state materials breakthroughs, join the ranks MERCK & CO. Inc. « ranway. New JERSEY “Us Ww 
of Merck customers today. Write, wire or phone your ws 

needs, problems, hopes. RESEARCH and PRODUCTION FOR BETTER SOLID-STATE MATERIALS 
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Micro 
Miniature 


Long-lite crystal-can 
type, rated 3 amps at 
28 VDC, operating sen- 
sitivity 300 mw. 


30 G’s vibration to 
2000 cps. 


Send for 
Special 
Bulletin 


essop eso =" CC 


EEG delivery at factory price from... 


ea hveber 


ELECTRONICS 


60 HERRICKS ROAD, MINEOLA, L.I., N.Y. 


PIONEER 6-6520. TWX G-CY-NY-580U 
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New Finger-Fitted Handle 


Safe...easy-to-use.. 


J.T. Baker’s 


INDEX-FINGER 3RD FINGER 
fm) grips securely grips and 
in fitted opening supports here 
9-pt. bottle for 


‘BAKER ANALYZED’ | 
REAGENT ACIDS" 


(acetic, hydrochloric, nitric and sulfuric) 


and Ammonium Hydroxide 


PICK UP J. T. BAKER’S “Shure-Grip” bottle. Feel your 
fingers lock naturally into the safe, comfortable 
position. Your index finger grips the exclusive contoured 
handle opening with firm no-slip control...3-way 
support provides extra security when lifting and pouring. 
Dripless pouring sleeve helps achieve maximum safety. 
Six 5-pint “Thro-A-Way” bottles packed in each compact, 
protective “Thro-A-Way” case saves you time, space and 
money. No deposits, no returns, no empties to store. 


PROOF OF PURITY 


Regardless of the container, all . 
‘Baker Analyzed’ Reagent Acids 
and Ammonium Hydroxide continue 
to give you the highest standards 
of purity in the industry, defined to 
the decimal by the Actual Lot 
Analysis and Actual Lot Assay. 
Color-matching labels and closures 
guard against accidental contami- 
nation in your laboratory. 


FAST EFFICIENT DELIVERY. Write and tell us your requirements. 


A a *acetic, formic, hydrochloric, nitric, perchloric, 
phosphoric, phosphorous, sulfuric and sulfurous 

Ai § he Baker Chem ical Co. .T.Ba acids in reagent and other listed grades 
Phillipsburg, New Jersey 
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NOW! FROM SYLVANIA! 


GALLIUM 
ARSENIDE 


and 6 chemicals for 


:PITAXIAL 
ROWTH 


Sylvania announces the availability of polycrystalline and 
monocrystalline gallium arsenide. 


In addition, Sylvania announces the availability of 
germanium tetrachloride, germanium tetrabromide, ger- 
manium tetraiodide, silicon tetrachloride, silicon tetra- 
bromide and silicon tetraiodide. Each carries with it the 
assurance of ultra-high uniformity and purity that marks 
all Sylvania semiconductor supplies. 


rromnnnananr Oh 


SUBSIDIARY OF 


Now Sylvania becomes the only supplier of germanium, 
silicon, gallium arsenide and the epitaxial chemicals 
needed for semiconductor device manufacture. 


Want more facts on how these materials can help you 
produce the most advanced devices? Or a quote on 
the materials themselves? Just write Chemical & 
Metallurgical Division, Sylvania Electric Products Inc., 
Towanda, Pennsylvania. 


GENERAL TELEPHONE & ELECTRONICS 
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(1) SILICON i (2) FERRITES 


(3) CERAMICS (4) ALUMINUM OXIDE 


ULTRASONIC MACHINING: 1. dicing silicon wafers; 2. cutting ferrite cores; 3. cutting 
holes and slots in ceramic tube spacers; 4. drilling holes in aluminum oxides. 


Low-cost, high-speed 


PRECISION MACHINING 


of hard or brittle materials with 


ULTRASONICS 


The delicate cutting operations shown above were all performed with 
Impact Grinders—Raytheon’s ultrasonic machines that drill, slice, 
engrave, trepan or shape hard and brittle materials. 


Design, materials and production engineers who have tried this remark- 
able technique agree that it is the optimum method for machining such 
materials as silicon, germanium, ferrites, ceramics, carbides and glass. 


In impact grinding the tool is made to vibrate ultrasonically as abrasives 
are introduced between tool and workpiece. 


Find out how one of these cost-saving, high-production-rate units can 
solve your machining problem. 


SEND FOR BROCHURE No. 
2-300 today. Address Ray- 
theon Company, Production 
Equipment Operations, Com- 
mercial Apparatus & Sys- 
tems Division, Technical In- 
formation Service, Waltham 
54, Massachusetts. 


MODEL 2-332 Raytheon Impact Grinder 


RAYTHEON COMPANY 


COMMERCIAL APPARATUS & SYSTEMS DIVISION 
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Engineers | Technicians 


GROW WITH 
ALLOYS 
UNLIMITED 


Career opportunities have never been greater than they are today at Alloys 
Unlimited, Inc. In addition to attractive salary, non-contributing profit sharing, life and 
health insurance, you will work proudly with engineers and scientists who have made 
significant advances in semiconductor materials reliability. Immediate openings for 
engineers and experienced specialists are available in the following categories: 


Metallurgy Automation Crystal Growing Powdered Metallurgy 
Analytical Chemistry Glass Wire Metal Cladding or Bonding Quality Control 
Ceramics Tool Design Precious Metal Fabrication Research and Development 


Openings will be filled in one of Alloys Unlimited’s 4 locations in New York and Cambridge, Mass. 


Send resume of education and experience to: 


Mr. R. V. Wilson, Personnel Director 
Alloys Unlimited, Inc. 

21-01 43rd Avenue 

Long Island City 1, N. Y. ALLOYS 


@ UNLIMITED 
e 8 


Serving the semiconductor industry with 


Hyper Pure Doping Alloys ° Brazing Preforms ° Special Solder Preforms ° Clad Metals Base Tabs e Stampings 
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Solid State Materials ° Wire ° Glass Seals ° First Seals and Beaded Leads for Diodes ¢ Test Equipment e Electrical Contacts 
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REDUCE UNIT COSTS WITH EPOXY E-PAK SYSTEM! 


Now, Epoxy Products brings the mass produc- 
tion economy of the famous E-Pak system to 
component encapsulation! It works like this: 
the component is inserted into a preformed 
colored epoxy E-Form pellet... both pellet and 
component are then placed in a molded epoxy 
case ... heat is applied, the pellet melts, 
cures, seals the unit completely. It’s a quick, 
efficient operation that requires no expensive 
fixturing, yet meets all applicable Mil-Specs 
(including MIL Std. 202-A). 


This system eliminates glass to metal seals 
and the accompanying disadvantages of glass 
cracking, and weld contamination. Heat dissipa- 
tion is exceptional. 


These rugged epoxy packages are homo- 
geneous and resistant to 95% relative hu- 
midity for 1,000 hours. They can be cycled 
from —55°C. to +200°C. The colored pellet 
provides immediate cathode identification 
and quick visibility. 


WRITE FOR COMPLETE INFORMATION. 


POX 
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A DIVISION OF JOSEPH WALDMAN & SONS 


PRODUCTS 


137 Coit Street, Irvington, New Jersey 
ESsex 5-6000 


SILICON NEWS from Dow Corning 


The Untouchables 


Now. ae Single Crystal Silicon Single crystal silicon . . .. doped to your specific 


needs . . . is now available from Dow Corning. 


Doped to Your Specification Rigid quality control of Dow Corning Silicon 


means greater device yield for you! And you 
achieve uniformity in device characteristics — 
the result of greater uniformity in characteristics 
from rod to rod, greater lateral and radial uni- 
formity within each rod. 


This high quality is the result of a completely 
integrated production process — a process that 
starts with the manufacture of trichlorosilanes 
and other chemicals basic to silicon production. 
And at every step of the way, rigid quality con- 
trol assures the ultimate in quality—purity. 


Doped to specification single crystal Dow 
Corning Silicon contains in the order of 0.1 
atoms of minority impurity per billion atoms of 
P-type material .. . about 0.15 atoms of minority 
impurity per billion atoms of N-type material. 


Low oxygen content of Dow Corning Silicon 
reduces the undesirable effects on lifetime asso- 
ciated with the diffusion process. Result — few 
rejects . . . increased device yield! In the pic- 
ture at left, infrared transmittance at 9 microns 
is measured to determine oxygen content. Many 
materials register at pencil point—much higher 
than Dow Corning Silicon. 


Crystal orientation is normally 111, but can be 
to your specification. 


Specify Dow Corning single crystal silicon 
doped to your requirements. Specific resistivities 
within narrow tolerances from one to 1000-ohms 
centimeter P-type . . . one to 400-ohms centi- 
meter N-type. Rod diameters from 3 to 25 mm 
(1/8” to 1”) lengths to 250 mm (about 10”). 


Whatever your need — polycrystalline rod or 
chunk; high resistivity P-type single crystal rod; 
single crystal rod doped to your specifications — 
Dow Corning should lead your list of sources. 


4 


ORIENTATION 


Write for “Hyper-Pure Silicon HYPER-PURE SILICON DIVISION 


for Semiconductor Devices.” addresn HEMLOCK, MICHIGAN 
Address Dept. 8217. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEWYORK WASHINGTON, D.C. 
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Why electronic chemicals 


SEMICONDUCTOR 
DIVISION 


Ultra-high purity B&A “Electronic Grade” chemicals 
help assure reliability of ultra-small 


devices...reduce rejects. 


Subminiaturization of semiconductors is a field which 
Raytheon helped pioneer. Where considerations of space, 
weight, temperature and reliability combine to create 
critical problems, Raytheon submins must meet the 

very highest standards. 


That’s why Raytheon relies on B&A “Electronic Grade” 
chemicals. These electronic chemicals meet the strictest 
standards for purity and uniformity .. . hold impurities 
to the lowest levels ever attained. 


If chemical purity and reliability affect the quality of 
your products, you ought to know the full B&A 
quality story. A request on your company letterhead 
will bring detailed information. 


llied 


BAKER & ADAMSON® hemical GENERAL CHEMICAL DIVISION 
‘Electronic Grade” 40 Rector Street, New York 6, N.Y. 
Chemicals 
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GRACE UNIFORMITY... now in Silicon Slices and Lapped 
Slices to reduce your device manufacturing costs 


Do-it-yourself crystal growing, slicing and lapping 
involves extensive expenditures in labor, space, and 
machinery. Besides tieing up your capital, you absorb 
the material losses: No wonder so many cost and 
quality-conscious device manufacturers are turning 
to Grace for slices and lapped slices . . . where they 
get 100% usable product to their exact specifications. 


Another reason is uniformity. Grace ultra-high 
purity silicon in all forms is produced under standards 
far more exacting than even the most particular 
customer’s specifications. This insistence on perfec- 
tion assures you savings. You don’t have to change 
your manufacturing process with each silicon order. 
Perfection is standard at Grace . . . where the quality 
control is constant from the basic chemistry to the 
delivered product. 


Grace has all forms and grades of silicon. Call 
collect today for full details and price information. 
Even if you are doing your own slicing and lapping, 
you should have the facts on this valuable second 
source of supply. 

POLYCRYSTALLINE SILICON—a) Bulk for Czochralski crystal growing. 
P or N type. Grades I, II, III and Solar. Large uniform lots. 

b) Poly-Rods for zone refining. Diameters up to 1’’. Length to 15’’. 
Resistivity to 1,000 ohm-cm. with correspondingly high lifetimes. 
MONOCRYSTALS—Czochralski and Float Zone monocrystals grown 


to your specifications. 


SLICES AND LAPPED SLICES—Precise control assures uniform slice 
thickness, parallelism and surface perfection to your specifications. 


) 
Subsidiary of W. R. Grace & Co. i West Coast Rep.: Chafin & Asso- 
101 N. Charles St., Baltimore, Md. Y ciates, Los Angeles, San Francisco 


PL. 2-7699 « TWX: BA-390 DUnkirk 5-3955 TWX: LA 2170 
GRACE ELECTRONIC CHEMICALS, INC. 
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SILICON NEWS from Dow Corning 


(Part 4) 


The Untouchables 


Specify Crucible Charges of Pre-packaged single piece crucible charges tee 


in sizes and weights to meet the exact require- 
ments of your Czochralski crystal growing equip- 


Deposited Hyper-Pure Silicon ment ... are now available from Dow Corning. 


Accurately Pre-weighed, these single piece 
crucible charges assure easy handling . . . small- 
est surface area... highest purity .. . an excep- 
tionally clean melt and a savings in crucible costs. 


High Quality is inherent in Dow Corning cru- 
cible charges. The deposited polycrystalline sili- 
con in these charges has never touched a mold. 
Result — highest purity. 


This High Purity means consistently higher 
quality crystals — simplifies doping procedures 
— increases device yield. Typical resistivity of 
N-type crystals grown from Dow Corning pre- 
packaged crucible charges is greater than 100- 
ohms centimeter for 80% of the crystal; maxi- 
mum boron content, 0.3 parts per billion atoms; 
maximum donor impurity, 2.0 parts per billion. 


Now You Specify the Weight and Diameter, 
up to 38 mm (about 114”), best suited for each 
crucible of your Czochralski crystal growing 
machines. Your crucible charges will be supplied 
in the appropriate length to provide the exact 
weight you require in just one piece. 


Protective Packaging guards initial deposited 
purity right through crucible charging. Charges 
are individually wrapped in special cellophane, 
and sealed in airtight polyethylene envelopes 
to assure untouchable purity. 


Whatever your need — deposited silicon crucible 
charges; polycrystalline rod or chunk; high 
resistivity P-type single crystal rod; single crystal 
rod doped to your specifications — Dow Corning 
should lead your list of sources. 


Profile of Crystal Grown from Pre-Packaged oe 


1000 


RESISTIVITY, OHM-CM 


15 25 20 
MILLIMETERS FROM SEED END 


Free brochure — “Hyper-Pure 
Silicon for Semiconductor HYPER-PURE SILICON DIVISION 
Devices.” Write Dept. 8217a. Address: HEMLOCK, MICHIGAN 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, 0.C. 
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The largest number of Dry 

Boxes used in the Semicon- 
ductor Industry have been 
manufactured by Tempera- 
ee Engineering Corpora- 
ion 


ACHIEVE 
ULTRA-HIGH RELIABILITY 
IN SEMI-CONDUCTORS 
Bl 
8; 

a 


RCA, Hughes, Delco, Raytheon, Texas Instrument, Western 
Electric, Motorola, Sylvania and other leaders in the 
Semiconductor industry, whose manufacturing require- 
ments are critical, rely on Tempcor Dri-Boxes and Dri- 
Box Systems. 


TEMPCOR CUSTOM MODULAR 
DRI-BOX VACUUM BAKEOUT 
SYSTEMS / 


Tempcor engineers have designed a controlled 
atmosphere system that is completely adapt- 
able to your specific requirements and 

processes. The flexibility of this 


HEAT... . controlled temperatures 
to 400°C. 


VACUUM ...to 1x 10° MM hg or 


system allows modifications and chiens = 
: : EWPOINT . . . to —90°F in con- 
adaptions to meet changing junction with Tempcor Molecular 
processing and_ produc- Sieve Dryers. 
tion requirements POSITIVE PRESSURE. . . to 3” of 


water column. 


ENCLOSURES .. . special config- 
urations available. 


TEMPERATURE ENGINEERING CORPORATION 
100 Tempcor Boulevard, Riverton, N. J. 


| would like further information on 
TEMPCOR CONTROLLED ATMOSPHERE SYSTEMS 


nl 

me. E 

L , Vacuum 
Ovens* 

tox 


Ovens* 


ain Vacuums without obligation. 
Dryers® “ sae (] Send representative 
‘ [] Send complete technical information 


*Patents Pending Name 
Title 
ENGINEERING CORPORATION Firm 
Manufacturers of Constant Temperature, 
Vacuum and Controlled Atmosphere Equipment Address 
100 Tempcor Boulevard, Riverton, N. J. City State 
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* Semi Conductor Magazine Industry Report June 1961 


Drying hs aa a 


Now put your fingers on top-quality welded assemblies 
for semiconductors... by the millions! 


Whatever you need in cup-to-lead and disc-to-lead 
semiconductors assemblies —and no matter whether 
they call for inside or outside welds —you can now 
obtain them from Sylvania at the rate of millions 
per week! 


Here’s why: Sylvania has just opened new production 
facilities that expand our capacity for automatic, 
semiautomatic and manual welding operations. These 
facilities can handle Dumet, Kovar, stainless steel, 
copper, “52 alloy” and other materials with maxi- 


— 
SUBSIDIARY OF 


mum ease—even if your assembly is a miniature part. 


Just as important: whether your job calls for manual 
or high-speed operations, the precise quality control 
that marks all Sylvania semiconductor parts assures 
better end-product performance. 


Before you buy or specify, be sure you have a quote 
from Sylvania. For prices plus experienced engineer- 
ing assistance, write Sylvania Electric Products Inc., 
Parts Division, Warren, Pennsylvania. 


GENERAL TELEPHONE & ELECTRONICS 
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Keduce Costly Kerf losses 


in slicing semiconductor material... 


Now... switch to 3%” diameter diamond wheels 
to slice 1” diameter crystals on 


Bpboeronmeth WAFERING 
MACHINES 
featuring the NEW rv 2 


EEECARTRIDGE SPINDLE 


Micromech’s newly-designed Type 2 Cartridge This specially-engineered spindle mounts a 3%2“’ diamond 


Spindle permits the use of thinner, smaller- % Ke : 
diameter diamond wheels for slicing germanium wheel in place of the usual 5‘’ wheel to give from 40% 
dete _esohibeg at Peteee eviciency with to 100% more slices per 1“ diam. crystal... reduce kerf 


loss by 28% to 47%! 


Micromech’s 3%2‘’ diameter blades—in .010” thickness— 
can save from .004" to .009” per slice...add up to 
savings of $200.00 a day! 


Moreover, the 3'12‘’ wheel allows cutting speeds up to 
3" per minute... increasing production while decreasing 


loss of material, 


Type 2 Cartridge Spindle is now standard on Micromech 


mechanical and hydraulic automatic wafering machines. 


Write today for detailed information, 


Micromech 
Diamond Wheels 


Micromech stocks 312’ diamond wheels for the 
economical and fast slicing of all semiconductor 
materials, 


Wheels also available in other popular and odd 
sizes, DIT and DITRS types, Precision manufacture 
to close tolerances assures accuracy of cut and 
long life. 


MICROMECH MANUFACTURING CORP. 


A Division of Sanford Manufacturing Corp. 
695 Rahway Avenue ®° Union, New Jersey e MUrdock 8-6323 
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Specification 
Min. Max. Typical Analysi 


Assay: H202 % by weight 30.0 — 32.0 30.0 32.0 
Free Acid (as H2SO4) -003 -0006 
Chloride -001 -00004 
Nitrate -001 -00008 


Phosphate .015 -O11 


Sulfate -0005 -0002 
Ammonia -001 -0006 
Heavy Metals (as Pb) -0001 -00002 
Iron -00005 -00001 


PH glass calomel electrode 3.0 — 3.5 SS) 
25°C (Beckman) 


Stability (24 hrs. 100°C) 95 98 


All figures in terms of % by weight unless otherwise noted. 


BECCO ‘ 


B E  @s  @s Oo Dept. SCP-61-16 


161 E. 42nd St. 


Hydrogen Peroxide New York 17, N.Y. 
Putting Ideas to Work (Name) , w - ea 


(Title). a wp ce 
FOOD MACHINERY AND CHEMICAL i 


os ee ee 
CORPORATION (Company) 
OD EGR Becco Chemical Division (Street). 
AE © General Sales Offices: 

161 EAST 42nd STREET, NEW YORK 17, N.Y. (City), 5 Geen Cone ap Ste to eee | 


— oc ee a ee ee ee 
a 


a ly | 


Circle No. 19 on Reader Service Card 


16 SEMICONDUCTOR PRODUCTS e MAY 1961 | 


Only Hevi-Duty Furnaces Meet Rigid Reliability 
Standards of Pacific Semiconductors, Inc. 


To meet rigid reliability standards, Hevi-Duty globar 
tube-type furnaces were selected by PSI because of 
their tight temperature uniformity. 

In the PSI Transistor Plant, at Lawndale, California, 
Hevi-Duty tube furnaces are used for silicon wafer 
diffusion at temperatures above 1200° C. During round- 
the-clock operation, the Hevi-Duty furnaces hold to 
+ 4° C over a 16-in. length within each 28-in. heating 
chamber...and to + 1° C over a 10-in. length. 

In addition to tight uniformity, Pacific Semicon- 
ductors, Inc., finds Hevi-Duty furnaces very easy to 
set up and load. Another important advantage is their 
ease of servicing. In one instance, PSI replaced a 


Semi-Conductors produced in these Hevi-Duty furnaces are 
used in the production of silicon transistors. Furnaces in- 
clude 14%-in vestibules, a tap-changing transformer for the 
center zone, two powerstats with ammeters for the end 
zones, and are controlled by a saturable reactor. See your 
Hevi-Duty Sales Engineer, or send for our Bulletin 459. 


globar element while the furnace was operating at full 
temperature. The entire job took only 15 minutes and 
there were no detrimental effects on the load. 
Find out how the right Hevi-Duty furnace can bring 
you production efficiency and laboratory accuracy. 


 HEVI-DUTY 

B Pp A Division of 
Basic Products 
Corporation 


A DIVISION OF FC ~— 


Hevi-Duty Electric Company, Watertown, Wis. 
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we 
Germanium and other semiconductors 
from EAGLE-PICHER 


Eagle-Picher 
Rare Metals and 
Semiconductors 


GERMANIUM DIOXIDE, minimum purity 
99.999%,. 


FIRST REDUCTION GERMANIUM METAL, 
minimum resistivity 5 ohm-cm. 


INTRINSIC GERMANIUM METAL, minimum 
resistivity 40 ohm-cm. 


SINGLE CRYSTAL GERMANIUM [undoped] 
, minimum resistivity 30 ohm-cm. 


SINGLE CRYSTAL GERMANIUM [doped] 
to customers’ specified resistivity. 


SPECIAL SHAPES, INTRINSIC GERMANIUM 
METAL, for horizontal or vertical 
crystal growing. Wide variety in stock, 
other shapes furnished to customers’ 
specifications. 


SCRAP GERMANIUM PLAN, scrap Ger- 
manium may be returned for econom- 
ical reprocessing under a_ toll 
arrangement. 


— also immediately 
available 


CADMIUM SULFIDE 


GALLIUM, ultra pure. 
Metallic crystals, minimum purity 
99.9999%,. 
Metallic crystals, minimum purity 
99.999%. 


GALLIUM SESQUIOXIDE 


Eagle-Picher, pioneer in Germanium, is 
an acknowledged leader in dependable 
production to meet the precise demands 
of the semiconductor industry. We 
offer a complete line of Germanium 
products and in addition, reprocess 
customers’ scrap Germanium under our 


new low-cost toll arrangement. 


FREE! An interesting, new brochure, EAGLE 
~~ | “EAGLE - PICHER GERMANIUM” 


is now available. Write for 


Since 1843 


THE EAGLE-PICHER COMPANY 
Chemical Division, Dept. SP-561 
GENERAL OFFICES: CINCINNATI 1, OHIO 


your copy today. 
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NOW 
GROW CRYSTALS EASILY 


for producing single crystals of sili- 
con, germanium, and intermetallic 
compounds with reliability and con- 
sistently high quality. 


Here’s an inexpensive, packaved, production unit for making crystals for 
diodes, transistors, photocells, solar cells or infrared detectors. The new unit 


combines the three essential features needed for successful operations: 


Precise temperature control of the melt — can be maintained within one- 


half degree. 


Vibrationless operation is achieved through special shock mounts, flexible 
EQUIPMENT 


drive shafts, and precision ground screws. 


Freedom from contamination is assured by leak-free fabrication and careful 


selection of materials used in the hot zone. 


CORPORATION 


This furnace is a real money-maker. You can grow a 150 gram crystal in 


about three hours. It is practically foolproof to operate, easy to maintain. 
Because it is a resistance furnace, it has a lower initial and operating cost. | 
It has exceptional flexibility. Rates of seed rotation, pulling rate, crucible 


rotation, and crucible withdrawal in either direction are all variable nae DEcatur 2-5800 

i i j > 14 inc ength to 10 inches. 

independently controlled. Diameters variable to 14 inch, le gth te iches SALES OFFICES: Atlanta « Boston « Chicago « Dallas 
Investigate how much money this unit can make for you. Call or write us Detroit * Los Angeles *« New York 

today for a quotation or for more detailed information describing the Model Pasadena + Tallahassee »* Washington, D.C. 


2801-B Crystal Growing Furnace. 
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NRC EQUIPMENT CORPORATION 
A Subsidiary of National Research Corp.—Dept. 38E 
160 Charlemont St., Newton 61, Massachusetts 


For Semiconductor and Transistor Manufacture 


Pressure Cartridge Deionizer 
Delivers 18-22 megohm Water 
at Point of Use 


The Penfield PM-8 is a monobed deion- 
izer that ‘‘polishes’’ ultra-high purity 
make-up and rinse water at point of use. 
Unique design of top distributor and 
collector well permits flows up to 50 
GPH at less than 4 Ib. pressure drop — 
holds exchange efficiency at 100%. 
Built entirely of plastic to eliminate 
metallic contamination. Sump is clear, 


Resin Separator and Regenerator Saves 
up to 90% of Costs of Deionized Water 


Developed for use in conjunction with multiple 
installations of Model T-20 and Model PM-8 
deionizers, a Penfield Regeneration Bench 
makes renewal of exhausted resin charges a 
simple in-plant function. Operator needs only 
feed resin into unit, form a slurry, then turn 
master control switch to each cycle — resin 
separation, regeneration, rinsing and proper 
re-mixing. Capacity is two cubic feet, cycling 
time about two hours. Average operating cost, 
including labor and all material, is less than 
30c per cartridge — up to 90% saving over 


allowing visual inspection of exchange outside service. 
resins. Cartridge unscrews by hand for 
easy resin replacement. Unit also can 
be used as cation exchanger, anion ex- 
changer, water softener, activated car- 
bon filter, oxygen remover or organic 
scavenger. 


Write for fully descriptive 
PENFIELD REGENERATION 
BENCH catalog sheet. 


Write for fully descriptive PENFIELD 
PM-8 DEIONIZER catalog sheet. 
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Weir Washer ‘‘Polishes’”’ Cascading Water 
to 18-22 megohms with Instant Monitoring 


Integral filters and pressure-type 
monobed deionizers enable circula- 
tion of ultra-high purity water 
(18-22 megohms) through multiple- 
partitioned tanks. Parts are trans- 
ferred counter-current to flow 
pattern, with each cascade contain- 
ing purer water. Special weir 
design insures that no stagnation 
can occur. Direct-reading conductiv- 
ity meter, controlled by rotary 
switch, permits instant monitoring 
at three check points — influent, 
deionizer effluent, ; 
tank effluent. Novel 

clip bar makes re- 

placing heating ele- 

ments simple, 

obviates need to 

empty tanks. 


Revolutionary 
at Eductor-Tube Device 
ra Simplifies Handling of Minuscule Parts 


New Penfield Pickup makes handling of minute particles a sim- 
pler, less costly operation. Exclusive design uses air or inert 
nitrogen forced through a special eductor tube at 1-2 psi. Nega- 
tive pressure is created at pick-up point (where standard hypo- 
dermic needles are attached) sufficient to hold germanium, 
silicon or other miniscule parts. To release the held particle, 
operator merely finger-stops an orifice in the pickup, thus creat- 
ing positive pressure. Use of Penfield Pickups eliminates all foot 
switches, solenoids and costly vacuum equipment — also does 
away with troublesome plugging problems. 


Write for fully descriptive PENFIELD PICKUP catalog sheet. 


Write for fully 
descriptive 
PENFIELD 
WEIR WASHER 
catalog sheet. 
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MANUFACTURING CO., INC. 
19C HIGH SCHOOL AVENUE, MERIDEN, CONN. 
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Johnson & Hoffman 
broadens its range 


Deep-drawn parts Multi-slide parts Stampings 
Up to 8 in. dia. and 4 in. deep, Wire .005 to .188 in. dia.; Strip .005 to Up to 12 in. wide, in material 
in material up to 146 in. thick. .031 in. thick, and up to 2 in. wide. up to 4 in. thick. 


Now from this one source, you can get stampings, deep-drawn parts, and multi-slide 
parts in a wider range of sizes than ever—but with the same close tolerances, choice of 
materials, and low prices. J&H has expanded its facilities by purchasing the Stamping 
Division of the Fred Goat Co., Inc., Brooklyn, N.Y. For a quotation on a part you need 


right now, simply send a drawing. 


An affiliate of 

Superior Tube Co. JOHNSON & HOFFMAN 
MEENA Cel OR INeG OF (OAS | COM RGN AP i ey INI 
31East 2nd Street + Mineola, New York « Pioneer 2-3333 
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Some facts of supreme 
importance to 
manufacturers of 
semiconductor devices 


How leading producers capitalize on Alpha technology to increase their yield 


A number of major producers were already being sup- 
plied with aluminum spheres when they placed test 
orders for Alpha preforms. Result? Their percentage of 
usable silicon alloy diodes rose impressively. Today these 
companies are confirmed users of Alpha products. 

In case after case, manufacturers who have switched 
to Alpha preforms of pure aluminum and aluminum 
alloys, as well as Alpha preforms of other metals and 
their alloys, report experiences as satisfactory as these. 


It’s the difference that counts! 
What makes Alpha aluminum preforms so unique? The 
care with which they are produced. 

As with all Alpha products, aluminum and aluminum 
alloy discs, spheres, washers and cut wire segments go 
through repeated, rigorous quality controls and counter 
checks. Each lot is spectrographically analyzed for ad- 
herence to your purity specifications. Alpha’s spectro- 
graphic check is so accurate, it reveals the presence of 
unwanted elements such as magnesium and mangariese 
even when present in quantities as minute as 1 part 
per 1,000,000! 

In addition to this purity check, each lot is analyzed by 
exact quantitative techniques. This safeguards the alloy’s 
homogeneity. It also insures that the minor constituent 
is present in the precise amount required. 


Check and double check 


Another indication of the care with which these aluminum 
preforms are made is the special microscopes Alpha uses 
to check dimensional accuracy. Spheres as large as %4” 
and as small as .003” and discs and washers as thin as .0005” 
are checked for precise conformation to specifications. 


As a further dimensional safeguard, a comparator cast- 
ing an image 100 times the preform’s actual size is used. 

To assure freedom from surface contaminants, all 
Alpha preforms are processed through etching and vapor 
degreasing equipment. Every scintilla of foreign matter 
is effectively removed! 


Only Alpha has it 


Alpha cut segments are produced in pieces as small as 
.008” dia. x .016” long. Alpha engineers designed and 
built the machinery to do this; only Alpha has it! 

Wire of 99.99+% purity is put through this equipment. 
Not only are the resulting pieces uniformly straight but 
the ends are cut square and parallel. 


Increasing your usable output 


These controls would satisfy most preforms suppliers — 
but not Alpha. Again and again, quality is controlled and 
checked by skilled technicians using the finest optical 
and mechanical equipment. The results reflect themselves 
in preforms of aluminum and other ultra high purity 
metals that, in case after case, increase the percentage 
of usable semiconductor devices. 

Alpha preforms can help your output too. For current 
quotations on spheres, discs, cylinders, cubes, washers, 
rings and special shapes, write today. Describe alloys, 
dimensions and quantities wanted. 


WHEN DEPENDABILITY COUNTS! In Los Angeles, Calif. 
2343 Saybrook Ave. 


ALPHA METALS, INC. In Chicago, IIl.: 


: Alphaloy Corp. 

hy *y + js 
56 Water St., Jersey City 4, N. J 2250 S. Lumber St. 
Other Alpha products: Strip with Continuous Conductive Coating, high purity dots of silver 
indium, cadmium, tin, lead and their alloys in shapes to your needs, 
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Here is Tri Metal's low-cost 
0-8 oven engineers throughout 
the nation are talking about. 
This unique model consists 
of a suspended inner muffle 
surrounded by heating elements 
mounted on ceramic stand-off 
insulators. The heating elements 
are surrounded by a series 
of polished shields which 
reflect the radiated heat onto 
the muffle and thus achieve 
exceptional temperature 
uniformity. The outer shell 
of the oven is water cooled. 
No water cooling of the door 
is required. The low-cost 
Neoprene door gasket remains 
cool even when the oven is 
NEW HIGHER TEMPERATURE, HIGH VACUUM OVEN. operating continuously at 

~ elevated temperatures. 
Accepts Bench or Dry Box Mounting 
Various Sizes Available. 


HIGHER TEMPERATURES 
Up to 800°C. (1472°F.) 


BETTER UNIFORMITY 
Plus or minus 3°C. (5.4°F.) 


LESS MAINTENANCE 
Low-Cost, Neoprene ‘‘O” ring 
gaskets guaranteed one year. 


FASTER HEAT UP 
500°C. (932°F.) in 23 minutes. 


CLOSER CONTROL 
1/C Thermocouple INSIDE 
the work zone. 


HIGHER VACUUM 
1x10-6§ Torr* (mmHg) 
@ 500°C. (932°F.) 


COOLER EXTERIOR 
All surfaces cool to the touch. 


TRI METAL WORKS INC. 


Tri Metal Works is recognized as a leader 

in design and fabrication of high and ultra high 
vacuum equipment. Tri Metal Works has been 
engaged in the custom fabrication of high 
vacuum components and equipment for leading 
manufacturers and users since 1946. 

You are invited to see a demonstration 

of 0-8 in our plant laboratory. 

Call or write for appointment. 


For a Free Detailed Brochure Write To: 
TRI METAL WORKS INC., Industrial Division 


1600 Bannard Street, East Riverton, 
New Jersey, or Phone 829-2000. 


*terminology recommended by Standards Committee of American Vacuum Society 
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A production machine with an EMPHASIS 
on high speed dependability 


for a critical production operation 


in the manufacture of CRYSTAL DIODES 


AUTOMATIC 
FINAL SEAL 


MACHINE 3383 


Built by KAHLE to meet 
the requirements of the 
expanding Semiconductor 
Industry. 


ENGINEERING COMPANY 


3316 Hudson Avenue 

Union City, New Jersey 

Leading Designers and Builders 

of Machinery for the Electronic Industry. 
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Editorial... 


Semiconductor Inductances and 


Negative Resistances 


In a recent Editorial, the versatile 
and important properties of two- 
layer diodes were discussed. In par- 
ticular it was pointed out that ef- 
forts to obtain high Q inductances 
do not appear too promising. A 
greater latitude of design parameters 
becomes available if one considers 
three or more layer diodes. 

Ebers and Miller (BSTJ, Sept. 
1955) have pointed out that the a-c 
short circuit admittance of ava- 
lanche transistors possesses negative 
conductance and negative suscep- 
tance in appropriate bias regions. 
The magnitudes of the conductance 
and of the susceptance generally de- 
crease as the d-c bias current and 
the frequency increase. Similarly, 
the open circuit a-c admittance of 
an avalanche transistor may be 
made to possess negative conduct- 
ance and negative susceptance if the 
base region is doped more than the 
emitter region, so that the emitter 
injection efficiency becomes an in- 
creasing function of the bias cur- 
rent. 

These transistor configurations 
with the base-to-emitter port either 
short or open are actually equivalent 
to three layer diodes. Recently 
Gaertner and Schuller (Proc. IRE, 
April *61) have examined from a 
general point of view the necessary 
and sufficient conditions for the real- 
ization of negative resistances with 
three layer diodes. These conditions 
involve the current amplification 


factor and the collector cutoff cur- 
rent. For example, using common 
emitter parameters, a necessary con- 
dition is that the rate of change of 
the current amplification factor with 
the current should be larger than 
the reciprocal of the collector cut- 
off current. 

In addition to the Ebers-Miller 
structure other configurations are 
possible. For example, in transistors 
with large collector resistivity a 
negative resistance may appear at 
the collector-emitter terminals, be- 
cause of a modulation effect of the 
minority current from collector to 
base. This effect was explained by 
Early in terms of a collector multi- 
plication factor. With appropriate 
design it might be utilized to realize 


practical negative resistance ele- 
ments. 
Similarly, still other structures, 


involving combination of collector 
multiplication, avalanche and dop- 
ing dependent emitter efficiency may 
be investigated. In general the ana- 
lytical expressions of the a-c admit- 
tances are unwieldy and do not lend 
themselves to clear cut design pro- 
cedures. However, if a suitable com- 
puter and experimental program is 
instituted, it may be possible to ar- 
rive at an organized design proce- 
dure. This would be very useful per 
se, and in addition would permit the 
extension of the study to analogous 
problems of four-layer diodes. 
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Circuit Design Award 


Winner 


Semiconductor 
Products takes 
pleasure in an- 
nouncing that 
the Award for 
the most  out- 
standing Semi- 
conductor  Cir- 
cuit Design 
Article published 
in our magazine between April 1959 
and March 1960 has been made to 
James J. Davidson of RCA. 

The prize, consisting of a Gold 
Medal and $500.00, has been pre- 
sented to Mr. Davidson for his ar- 
ticle, “Transistor AC Amplifier with 
High Input Impedance,” which ap- 
peared in the March 1960 issue of 
SCP. 

James J. Davidson was born in 
New York, N. Y. on July 2, 1930. 
He received the B.S. degree in Elec- 
trical Engineering from M.IL.T. in 
1952. Upon graduation he joined 
RCA, first as a specialized trainee, 
then as a member of the Home In- 
struments Advanced Development 
Section in Camden, New Jersey, 
where he worked on transistor ap- 
plications and circuit development of 
television receivers. In 1954, when 
the Television and the Radio Divi- 
sions were split, he joined the Radio 
Division Advanced Development 
Section, to work on audio and tran- 
sistor circuits. Transistor noise 
studies were an important and con- 
tinuing part of this work. In 1957 he 
recéived the IR.E. Professional 
Group on Audio award for his paper 
“Low Noise Transistor Microphone 
Amplifier.” In 1958 he delivered a 
talk on “Low-Frequency Amplifier 
Design” as part of the Philadelphia 
and the Northern New Jersey I.R.E. 
sections’ “Transistor Applications 
Lecture Series.” He is the author of 
seven published papers. 

In 1960 he transferred to the RCA 
Victor Record Division, in Indianap- 
olis, where he has been engaged with 
problems of disc and tape recording, 
and instrumentation for magnetic 
tape production. He is _ presently 
studying music, to gain a fuller un- 
derstanding and appreciation of all 
the aspects of music reproduction. 

Mr. Davidson is a member of the 
Audio Engineering Society and the 
ILR.E. and is currently working on 
a complete revision of the I.R.E. 
standard on “Methods of Measure- 
ment of Noise” (53 I.R.E. 19 S1). 
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Transient Response of Grounded Emitter 


Switching Circuits 


». ©. CHAO’ 


The transient response of a non-saturating grounded emitter switch is analyzed in this 
article. The effect of collector capacitance and load resistance is taken into effect. The 
turn-on delay and rise time are derived assuming a ramp input voltage which is closer 
to the practical case than the step input normally assumed. The turn-off transient re- 
sponse is derived by plotting a transcendental equation. The accuracy of this analysis 
has been verified by experimental observations using alloy junction transistors. The re- 
sults obtained may be used by circuit designers to understand and predict the response 
time of transistor switching circuits. 


HE LARGE SIGNAL TRANSIENT RESPONSE of a junc- 

tion transistor has been analyzed by Moll. This 

analysis neglects the effect of collector capaci- 
tance. In Moll’s analysis the Laplace transform tech- 
nique was used to calculate the turn-on, turn-off, and 
hole-storage delay intervals assuming either a step 
voltage or a step current input. In many practical 
cases the effect of collector capacitance must be taken 
into account in order to obtain a close quantitative 
agreement. This has been done by Easley? and Bash- 
kow* where either constant or varying collector ca- 
pacitance was considered. In both of these analyses, 
however, step junction inputs were assumed. 

In practical applications the input waveform can 
never be a step function. In the practical case the rise 
and fall of the input waveform more closely follows 
a ramp function with some rounding of the corners 
or it is somewhere between a ramp and an exponen- 
tial function. For this reason, analyses based on a 
step input do not give very good quantitative agree- 
ment with experimental results. It is true, of course, 
that the response to any input function can be derived 
from a knowledge of the step response but such a 
derivation is tedious. 

It is the purpose of this article to present a set of 
analytical results which enable the circuit engineer 
to calculate the transient response of a grounded emit- 
ter transistor switch from a knowledge of certain cir- 
cuit and transistor parameters. It might seem at first 
glance, that the scope of the paper is rather narrow 
since it is concerned only with the grounded emitter 
configuration. However, this configuration is used al- 
most exclusively and as such deserves detailed in- 


* This article was prepared while Dr. Chao was associated with 
the Link Division of General Precision Inc. Dr. Chao is now 
with Vega Electronics, Cupertino, Calif. 
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vestigation. The transient response of grounded base 
and grounded collector switches could be treated in 
a manner similar to that which will be presented but 
it is felt that such treatment is not warranted. 

The input excitation voltage in this treatment is 
assumed to have a linear rise and fall. During the 
transient turn-on and turn-off periods the input cir- 
cuit to the transistor behaves somewhat like a high 
pass RC filter. The R may be associated with the 
equivalent base input resistance of the transistor 
which is non-linear and the C may, in the case of 
circuits using a speedup capacitor, be easily identi- 
fied. In any case, with most driving circuits, if we 
compare the peak current supplied to the input for 
the case of a ramp or exponential signal, with that of 
a step input, it is apparent that the peak value of 
the transient base input current depends on the ratio 
of the input circuit time constant to the rise and fall 
time of the input excitation voltage. The peak value 
of the transient base input current will decrease with 
this ratio*. If we analyze, therefore, the response of 
the transistor to a step input excitation voltage, we 
will calculate a considerably shorter turn-on and turn- 
off delay time than will be obtained in an actual 
circuit which has a finite input rise and fall time. 
Although the exact time variation of the input wave- 
form may be difficult to specify in practice, it is often, 
as has been pointed out, somewhere between a linear 
and an exponential function. It will be found that the 
first order solution (that is, the solution assuming a 
linear rise and fall of the input) will give close ap- 
proximation to the actual case. 

In this article we will treat only the non-saturated 
condition because in many circuit applications, satu- 
ration is avoided or at least minimized through the 
use of diode clamps or by selecting transistors which 
have a very low base stored charge. 
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Fig. 1—A non-saturating inverter circuit. 


Formulation of the Problem 


Figure 1 shows the circuit which we will treat in 
this article. It is essentially a single stage, Class C 
amplifier. In pulse and digital applications, it is gen- 
erally referred to as an “inverter” since an up-going 
pulse applied to the input will provide a down-going 
pulse at the output. The transistor is operated as a 
switch, i.e., in the steady-state it is either in cutoff or 
in full conduction. In this circuit, saturation (and, 
hence, minority carrier storage delay) is prevented 
by a diode clamping technique. Diode D, is a silicon 
diode which has a larger voltage drop when conduct- 
ing than the germanium diode, Ds. This means that 
the collector will have a potential which is a few 
tenths of a volt lower than the base (assuming a 
pnp transistor) when the transistor is in full con- 
duction. Diode Ds; is a “catching” diode which is used 
to improve fall time. It also maintains the collector 
voltage at a constant level when the transistor is off 
in spite of variations in the load. Bias current is pro- 
vided to the transistor from supply V3 through re- 
sistor, R;, for the purpose of temperature compensa- 
tion since the collector saturation current, I,,, is an 
increasing function of temperature. Since circuit satu- 
ration is prevented in this, the transistor, when on, is 
always operating in the active region, and hence a 
single equivalent circuit which represents the active 
region can be used for the calculation of the overall 
circuit response. Fig. 2 shows an often used simplified 
T equivalent circuit and a junction transistor. In this 
equivalent circuit the collector resistance, r., is neg- 
lected. It is also assumed that during the transient 
the emitter impedance is, for all practical purposes, a 
short circuit. This is justified because the emitter re- 
sistance, 7,, is much smaller than the bases resistance, 
r», and the emitter transition capacity, C, is generally 
much larger than the coupling capacitor C,. It can be 
demonstrated that with such inequalities the emitter 
impedance can be neglected. With this approximation, 
the input impedance of the transistor is then assumed, 
to be equal to rz. When the transistor is cut off we 
will assume that the input impedance is infinity. The 
collector capacitance, C,, is assumed in this analysis 
to be constant rather than to vary with collector volt- 
age. It will be shown later that in the grounded emit- 
ter configuration the collector capacitance is modified 
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Fig. 2—Simplified equivalent circuit of a junction transis- 
tor. 


by the term 1/(1—a). The collector saturation cur- 
rent, I,,, is considered to be small and is therefore 
neglected in all of these calculations. The variation of 
current gain with emitter current and collector volt- 
age is also ignored. 

It is obvious that in the treatment of this problem, 
any assumption or approximation will directly effect 
the accuracy of the results. On the other hand, a more 
complicated model makes the analysis extremely dif- 
ficult and, therefore, not as useful from an engineer- 
ing point of view. This simple equivalent circuit, to- 
gether with the stated assumptions, has proved in 
practice to give analytical results that agree to within 
10 or 15% of observed experimental results. It is, 
therefore, felt that this simple equivalent circuit has 
sufficient accuracy to make it a useful engineering 
tool. 


Turn-On Delay and Rise Time 

In the equivalent circuit of Fig. 3 the transistor is 
assumed to be driven with a ramp input voltage e(t) 
varying from 0 to —E volts. The fall time of the input 
voltage is t;. The turn-on delay interval consists of 
two parts. The first is the delay due to the bias circuit 
and the second is the delay due to the collector clamp 
circuit. (The collector voltage will not start to change 
until diode Ds; turns off). These two parts of the 
delay interval will be calculated separately. 


Bias Delay 


Since in this circuit the base voltage is initially 
positive and equal to V3R,/(R, + Rg), the transistor 
is cut off and its input impedance may be assumed to 
be very high. The time required for the base voltage, 
V,, to become equal to zero is the portion of the 
turn-on delay which is assignable to the bias circuit. 
For this portion of the turn-on delay, only the input 
network need be considered. The Laplace transform 
of V,, is given by: 


rig sy, Babe Stic eee 
MY (s) ee Vs Re Ss Tel Ry 2 il bh Ci Ris (1) 
where 
Aes 
HEN peer 
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_ The inverse transform of V,, as a function of time, 
is given by: 


Vp (t) = = nein mo 


EK Ry Ry ae 
= ci 4 (1- eo 
(2) 


The bias delay portion of the turn-on delay time can 
be obtained by solving Eq. (2) for T with the lefthand 
side of the equation set to zero. In order to simplify 
the solution, the exponential term can be approxi- 
mated by using the first two terms of the series. If we 
do this, Eq. (2) becomes: 


St ae ee: 
cos Meee ar eatin (3) 


Solving this simplified equation, the bias delay time, 
T, is given by: 


Vs R, 
ERit+Rs' (4) 
Note that the result obtained in Eq. (4) is the same 
result which one would have obtained if it was as- 
sumed that resistor R,; were completely bypassed by 
capacitor, C, during the transient interval. 


T ~ 


Delay Due to Collector Clamping 

When the transistor starts conducting its input im- 
pedance becomes very low. In most cases it will be 
much smaller than R,; or R,. The transient base cur- 
rent, i,, may be calculated from a series circuit con- 
sisting of C, and r, if the origin of the input voltage 
is shifted to —V3R,;/Rz,T;. During this portion of the 
delay time the Laplace transform of the base current 
is given by: 


I, (s) = — 


Ti 1b 


Let us assume that « is given by: 


Fig. 3—Equivalent circuit used to calculate turn-on delay. 


ao Aq Wa 


es 


where a, is the low frequency value of the current 
and w« represents the angular alpha cutoff frequency. 
The collector current generator of Fig. 3 is then given 
(in the s domain) by Eq. 6 below. 

The inverse transform of Eq. (6) can be found 
readily; however, only the first part (t<t,’) is of 
interest to us. This is given by: 


te (t) fit Cee Ci THs ers (7) 
E G4 1 -— Gh TE g 1 — Gs ToW g 
Bo 
TI 
In many practical designs Cir,wg << 1. 
Also e.~ “8 * variesslowly while e “azfalls offrather 


fast after the beginning of the transient, hence, the 
following first order approximation may be used to 
solve Eq. (7). 


a 8 (1 — 6-8) ~ — 2 ay wat (8) 
1 


te (t) ~ 


It will be observed from Eq. (8) that the transient 
collector current depends primarily on the alpha 
cutoff frequency of the transistor and is independent 
of the grounded emitter current gain, {,. It should, 
of course, be realized that a certain minimum beta 
is required in order to establish the static conditions 


I, (8) = Ty (8) 
EC; 1 1 Ci ry we Be ‘ 
1, (3) = — 2 ee — — *) (6) 
8 1—Cin S + we) 
he — ih eiNearte a (1 — Ci 1 ws) (: oF to] 
11 
where 
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Bo - 1 pee A 
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of the switch. It should be understood that a very 
large transient base current flows while the transistor 
is turning on. This transient base current is many 
times larger than the steady-state base current. While 
the collector current builds up almost linearly except 
for a slower rate at the beginning of the transient, 
both currents would reach their peak values respec- 
tively at t= Vv, if the collector current were not 
limited by the external load. The portion of the turn- 
on delay interval due to the collector clamp action 
will be over when the collector current becomes equal 
to the clamp current, (V; — V2) /R,. Thus, we may 
solve for this portion of the delay interval by equating 
the lefthand side of Eq. (8) to this quantity. If we 
then calculate Ts, this portion of the delay interval 
is given by: 


Vi as, Vo (iil il 
EH C, Rr ap we (9) 


The total turn-on delay time is the sum of Eq. (4) and 
Eq. (9). 


Rise Time 


T. ~ 


The rise time may be calculated using the equiva- 
lent, circuit shown in Fig. 4. In this circuit the capaci- 
tive term C,/(1— a) of Fig. 3 has been synthesized 
into three elements. Because of the relatively large 
value of B,C, it is reasonable to assume that this ca- 
pacitor will not be appreciably charged during the 
transient interval. In other words, for the conditions 
shown in Fig. 4, we may assume that this capacitor 
will stay charged to the constant potential —V».. An- 
other way to justify this is to realize that the time 
constant of the series RC branch is the reciprocal of 
we which, in general, is a long time compared to the 
rise time interval of the circuit. The exact Laplace 
transform of the collector voltage V., of the equiva- 
lent circuit of Fig. 4 is: 


; s+ we ; al 
Vi(s) [ees +z] 


xis Se s ar Wa ba V> 

Mie erie stw, Ris 

es EH Crewe 1 oS) + Wa V. 
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Using the assumption that the effect of the capacitor, 
B.C. is negligible, we can simplify Eq. (10) to: 


23 as Lech LoWe 1 
VAs) = - Ter ar Halt a eae arian ae 


where 


Len = Eo 


pues 
G = Rt 0 ee (Bie 


7 
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If we now take the inverse transform of the function, 


30 


Fig. 4—Equivalent circuit used to calculate rise time. 


we have the collector voltage as a function of time 
given by: 


| Gt 
Ve (t) A ft (Len oo We) Rais (A eat Vo) e Ce, (12) 


The rise time interval will be finished when the col- 
lector voltage equals zero. In the actual circuit given 
in Fig. 1 the collector is clamped to stay out of satura- 
tion and, hence, the rise time interval is actually over 
when the collector voltage has attained a voltage 
which is a few tenths of a volt negative. However, the 
calculation is made easier by assuming the rise time 
interval is over when the collector voltage is equal 
to zero and the error introduced is negligible. Since 
the last term in Eq. (12) falls off very rapidly with 
time we may neglect it and may then solve for the 
rise time by equating the first two terms of Eq. (12) 

to zero. The solution which results is: 


AG Cooker 


a iy 1 AuWa es 1 = AnWe Ge Rr 


Ve C, 1 
1 a E Ge ( Ep ApWa aa 


(13) 


Sample Calculation 


In order to verify the results of this section a num- 
ber of transistors were observed in the circuit of 
Fig. 1 with V; = 30 v, V2 = 10 v, and V; = 30 v. Re- 
sistor R,; was made equal to 10K, Rg = 150K, R; = 
3.9K and C,; = 120 pf. The driving waveform was a 
10 v pulse with a rise time of .25 us. The transistors 
were alloy junction units having an alpha cutoff fre- 
quency of approximately 5 mc, B > 30 and C, of 
approximately 10 pf. The calculated times for this 
circuit with such transistors were T,; = 0.5 us, Tz = 
0.035 us and T; = 0.06 us. The observation showed 
that the total turn-on delay interval was approxi- 
mately .1 us and the rise time interval was approxi- 
mately .08 us. In view of all of the approximations 
made in the analysis and the fact that the input volt- 
age could not be made to be exactly a ramp function, 
the experimental results may be considered to be in 
close agreement with the calculations. 


Fall Time 
The back-clamping diodes, D, and Ds, prevent the 
transistor from going into saturation. Hence, the cir- 
cuit of Fig. 1 will exhibit no hole storage delay time. 
A small recovery delay due to diode Dz of the order 
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= Vo 


-Vy 


| Fig. 5—Equivalent circuit used to calculate emitter cur- 
rent cut-off. 


of 10 or 20 musec should be expected. This may intro- 
duce a small overshoot in the collector voltage, but 
this effect is neglected in the following calculations. 
The turn-off transient is complicated by the fact that, 
due to the large reverse hase current flowing during 
the turn-off interval, the emitter junction cuts off 
first while the collector current falls off in an approxi- 
mately exponential manner after the emitter current 
has reached zero. In our analysis the reverse base 
current is first calculated and then the emitter cur- 
rent is calculated. The time required for the total 
emitter current to reach zero is next obtained. The 
collector current, which is given by the emitter cur- 
rent multiplied by the complex alpha, is next obtained 
and finally the form of the collector voltage equation 
is determined and the fall time is calculated. 


Emitter Current 

It is assumed that initially the transistor is at full 
conduction. The collector current is given approxi- 
mately as V;/R_,, the emitter current is V;/a,R, and 
the base current is V;/6,R,. Since the initial base 
current is much smaller than the transient base cur- 
rent during the fall interval it can and will be neg- 
lected without introducing appreciable error. For a 
ramp function input voltage which rises from —E to 0 
in time ts, the base current is given by: 


In this equation, R; and R; of the circuit of Fig. 1 are 
assumed to be open or infinite as far as transients are 
concerned. In Eq. (14) only the time interval between 
zero and Tt» is of interest because the base current 
reaches its peak at T = t», and the emitter current 
must vanish before this time. The transient compo- 
nent of the emitter current may be calculated using 
the equivalent circuit of Fig. 5. Solving nodal equa- 
tions, we have: 


(l—a)+C,. Ris 


[oC Bes 15) 


I, (s) = I. (8) 
Substituting for complex alpha and for I, from Eq. 
(14) we have Eq. 16 below. 

In practical applications ws can be neglected because 
of its small value since a, is generally very close to 
unity. With this assumption, Eq. (16) ean be handled 
analytically and gives rise to Eq. 17 below. 

We can make a further simplification in Eq. (17) by 
noting that the linear term dominates in this equation. 
For example, consider the numerical example that 
was used to calculate the rise time previously. As- 
suming that r, is approximately 500 ohms, we obtain: 


ve (t) 
where t is in microseconds. Note that the linear term 
dominates all of the other terms after a few milli- 
microseconds. Therefore, for practical purposes we 
may considerably simplify Eq. (17). Taking the in- 
verse transform we have the result that: 


x OY + 13.66 — .24e> 4. OL ee ee 


ty 
f ch A Wa 


1+ C, tit @. 


Since the initial emitter current was equal to V;/a,Rr, 
we may determine the time that it takes the emitter 
current to reach zero by setting Eq. (18) to this value. 
If we do this we have the time taken for the emitter 
current to reach zero as: 


te (t) (18) 
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After this time the emitter current will remain equal 
to zero. Thus, considering only the transient part of 
the emitter current the complete equation for the 
transient portion of the emitter current is given by: 


. ao Ww 
= |! , ———————— eee Oh, 
Op (t) ees, Tees Cant i) es 4 
be (t) © la Sele (20) 
ao lite 


Taking the Laplace transform of Eq. 20 we have the 
transformed emitter current as: 


/ 
I ch 20 Wa u 


OOS mare pay ipa 


(21) 


The Collector Current 


The transient collector current is related to the 
transient emitter current by the complex alpha. Thus, 
we may write the Laplace transform of the transient 
collector current as: 


A) Wa 


Oa, LS) 
(22) 
aa WV re @ 1 1 — p-T48 
= Pag tas (& aa) dd G 48), 


Taking the inverse transform of this equation we 
- have the transient solution for the collector current as 
shown in Eq. 23 below, where u(t) is a step function 
which is unity for t>0 and zero for t<0. 

From Eq. (23) we see that the collector current 
starts to change slowly with an initial slope of zero. 
As time goes on it builds up almost linearly until 
t = T,. It then tapers off and approaches its asympto- 
tic value V,/R, exponentially. 


Fall Time 


The fall time is defined as the time for the collector 
voltage to fall from its initial value near zero to the 
clamping voltage, —V». Depending upon the value of 
V» this time can be either less than or greater than T,. 
Another way of looking at this is that the collector 
voltage transient may be over before the emitter 
junction cuts off. If this is the case, we need not con- 
cern ourselves about what happens after T,. However, 
it is more instructive to consider the general case 
where the collector voltage reaches —V» at a time 
alter el4. | 


Ve 


-V2 
-Vy 


Fig. 6—Equivalent circuit used to calculate collector volt- 
age fall time. 


Using the assumption that the input impedance of 
the transistor is small when it is conducting and in- 
finite when it is cut-off, the collector voltage may be 
calculated from the equivalent circuit shown in Fig. 6 
where only the transient parts of.the currents and 
voltages are considered. The transient solution for the 
collector current was derived in Eq. (23). Using the 
circuit of Fig. 6 the transient collector voltage may be 
expressed by Eq.:24 below. 

The fall time may be obtained by taking the inverse 
transform of Eq. (24) and equating it to V2. It is quite 
difficult to obtain the exact solution to this equation 
and, therefore, it is recommended that a graphical 
solution be used. 


Sample Calculation 

Let us calculate the fall time using the circuit of 
Fig. 1 and the values given previously with the excep- 
tion that we now assume that the input voltage goes 
from —10 v to 0 linearly, in a time tz equal to 0.15 us. 
For this case, T, is calculated as .082 us. A graphical 
solution for the collector voltage for this particular 
case is shown in Fig. 7. This solution shows that the 
time taken to reach V» is approximately .09 us. Ex- 
perimental results show the fall time to be very close 
to this value. 


Conclusion 

The transient response of the grounded emitter 
transistor switch has been analyzed. Turn-on delay, 
rise and fall times are expressed explicitly in terms 
of circuit and transistor parameters or are reduced 
to a final form which can be used for plotting. Despite 
the many assumptions which were made in the treat- 
ment, the results show good agreement with experi- 
mental observations. A ramp rather than an expo- 
nential input was chosen because it was felt that the 
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vamp function is most applicable to pulse circuitry. 
Suitable interpretation of t, and t» can lead to a rea- 
i onable quantitative analysis of the transient response 
\when the input waveform approaches an exponential 


i| In this article, alloy junction transistors with alpha 
Jeutoff frequencies ranging up to 20 mc were con- 
ifsidered. These transistors are widely used in pulse 
jand digital computer circuits at pulse rates from a 


ining the results, some general remarks can be 

ade. 

a. During the turn-on interval the sum of times T, 
Ts and T; is generally less than 1. 

b. The fall time can be either larger or smaller than 
t2 depending on the value of the clamping volt- 
age, Vo. 

ec. The clamping voltage, V» introduces a turn-on 
delay increment T, but reduces the fall time. 
Thus, a circuit design compromise has to be made 
between the two effects. 

d.a, rather than {, is involved in all expressions, 

which substantiates the statement that the 

grounded emitter current gain of the transistor 
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Fig. 7—Graphical method for determining fall time. 


does not influence the response time of the tran- 
sistor. 

e. The alpha cutoff frequency « is the only domi- 
nant transistor parameter entering in the final 
results. 

Although steady-state operation has not been 
treated in this article, the circuit designer must, of 
course, consider it also. The transient analysis made 
herein may be used as a guide in choosing circuit 
parameters which effect the transient response. The 
steady-state performance must serve as a guide for 
choosing the remaining circuit parameters. 
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A Low-Cost Pre-Set Transistorized Counter 


R. R. PAINTER* 


R. A. CHRISTENSEN* 


This article describes the design and construction of a low-cost, general-purpose, transis- 

torized counter which accepts incoming information in the form of mechanical displace- 

ments from a microswitch, light-intensity variations from a photocell, or electrical signals. 

The two-decade counter may be pre-set to count numbers up to 100 at counting rates up 

to 10,000 per second. Numbers greater than 100 can be counted by the use of additional 
decades having no input circuit. 


use of four binary stages per decade with 

appropriate feedback to produce a decimal 
count. Consequently, for numbers less than 10", some 
type of resetting circuit is necessary. 

The resetting circuit employed in the counter 
shown in Fig. 1 sets the counter to the complement 
of the number to be counted. For example, if the 
number to be counted is 3, the decade is pre-set to 
the 7th state so that 3 input pulses set the decade to 
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*Radio Corporation of America 
Semiconductor and Materials Division 
Somerville, New Jersey. 


SEMICONDUCTOR PRODUCTS e MAY 1961 


the 10th state and produce the desired output. Be- 
cause this counter uses more than one decade, it is 
necessary that the reset circuit be disabled during 
the counting period. For example, the procedure 


PHOTOCELL 


FIR SECOND 
DECADE 


ST 
DECADE 


SWITCH 


Fig. 1—Over-all block diagram. 


33 


Fig. 2—Flip-flop circuit. 


used to count the number 33, which requires two 
decades, is as follows. The states of both decades are 
pre-set to the complement of the number to be 
counted—the “units” decade to the 7th state and the 
“tens” decade to the 6th state. After three input 
pulses, the “units” decade transmits a pulse to the 
“tens” decade. Because the reset circuit is disabled, 
the “units” decade now requires ten input pulses to 
produce additional outputs. Therefore, 33 input 
pulses are required to trigger the “tens” decade to 
the 10th state and produce the desired output. 

The output stage of the counter is a bistable stage 
capable of driving a relay. It is also possible to use a 
monostable output stage, in which case the counter 
will return to the counting mode after some pre- 
determined interval of time. 

A Schmitt circuit driven by an amplified signal 
from a photocell, a microswitch, or an electrical 
signal, provides the input signal to the decades. A 
block diagram of the over-all system is shown in 
Fag 1. 


Bistable Design 

The bistable stages are of the Eccles-Jordan type, 
as shown in Fig. 2. 

The following conditions were considered neces- 
sary for d-c stability: 


(1) The “on” transistor must be saturated. 

(2) The “off” transistor must be reverse-biased by 
some positive voltage. 

(3) The collector current of the “on” transistor 
must always be less than its maximum speci- 
fied collector current. 


On the basis of these conditions, a complete general 
solution for d-c stability was obtained.! This solution 
permits the computation of nominal values for all 
components for any given combination of supply 
voltage, collector current, and transistor charac- 
teristics. 

A supply voltage of —12 volts and a nominal col- 
lector current of 5 milliamperes were chosen. To 
provide a reverse-bias voltage that would be positive 
with respect to the emitter (condition 2 above), with- 
out the use of more than one power supply in the 
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x} 
over-all system, it was necessary to design the bistabh 
stages with a common-emitter resistor. Since a con 
stant current always flows through this resistor, thi 
emitters are assumed to always be at the same nega 
tive voltage with respect to ground. A nominal valu: 
of —3 volts across the emitter resistor was selected: 
and values for the collector resistor (R,.) and emitte 
resistor (R,) were computed. 

When the collector current is known, it is possibl 
to calculate the R, and R, values necessary fei 
proper operation even though all components ana 
parameters have degraded to their worst possible 
values. In this circuit, a tolerance of 10 percent was 
assumed for all resistors and for the power supply 
The “end-of-life” values for the beta, Vey and Vyx 
of the transistors, together with the “end-of-life” 
55° C Igo, were used in the calculations. 

It is now possible to obtain an equation containing 
R, and R, or the “on” condition which satisfies con- 
ditions 1 and 3. Similarly, it is possible to derive ar 
equation containing R, and R, which satisfies con- 
dition 2. These equations may be solved simultane- 
ously for R, and R,. 

The bistable stages are triggered by means of a 
positive-going signal which is gated to the base of 
the “on” transistor. Since the trigger turns the “on” 
transistor “off,” the value of the charge stored in the 
capacitor of the triggering circuit must be larger than 
the maximum charge stored in the transistor. For 
medium-to-high-speed switching, the value of this 
capacitor plays an important part in determining the 
maximum repetition rate of the counter (because of 
the R-C time constants involved). The maximum 
value of the capacitor was not an important con- 
sideration, since this counter is a low-speed type. 
and was chosen slightly larger than necessary tc 
insure reliable triggering. 


Decade Design 


Each decade employs feedback to obtain a decimal 
count from the normal 16-count binary. The feed- 
back merely cancels 6 of the 16 possible binary 
states by resetting the second and third binary stage; 
to the “one” state when the fourth stage is triggerec 
into the “one” state. The counter skips from the 7tk 
to the 14th binary state, as shown in Fig. 3, anc 
thereby produces a decimal count. 

For reliable resetting, a voltage which is positive 
with respect to the emitters is applied to the base: 
of the transistors of the flip-flops to be reset. Thi: 
circuit is shown in Fig. 4. Under full-load conditions 
this resetting voltage must be more positive thar 
the voltages of all the emitters in the three decades 
The nominal voltage on the emitters is —3 volts, anc 
ground potential is needed to insure reliable opera 
tion at high temperatures. Therefore a reset voltage 
of —1 volt was chosen because it represents a voltags 
greater than —-3 volts and less than 0 volts or ground 

The emitter resistor of the output stage is tappec 
to provide this —1 volt reset voltage. Since the ratic 
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of the current required by the output stage to the 


F-F F-F F-F F-F : 
current required by the reset circuit is very large, Binary,  _4_ ne: Pic noes Devas 
the use of this tapped resistor causes a negligible 0 0 0 9 0 

_ reaction. The output of the reset stage, therefore, ; 4 M 
swings from nearly —1 volt (—1 volt plus Vo, of the 3 0 0 1 1 3 
stage) to —12 volts. This output is fed directly to the 4 0 1 0 0 4 
plates of the reset diodes, and the cathodes of these x “ ; : : 5 
diodes are, in turn, connected directly to the appro- 7 0 1 1 il i) 
priate bases through the “count-selector switch,” as 8 1 0 0 0 
shown in Figs. 5 and 6. ‘ 5 4 : ; Cancelled 

After the binary-to-decimal conversion was estab- rr 1 0 1 1 By 
lished, the reset switching was determined. In Fig. 3, 12 1 1 0 0 Feedback 
the left digit of the number represents the state of 13 1 1 0 1 
the 4th flip-flop, the second digit represents the state 14 1 i - ° 2 
. i : 15 1 1 1 a 9 
of the 3rd flip-flop, and so on. The desired count is 0 0 0 0 0 0 


then established by means of a four-wafer switch 
which pre-sets the states of the flip-flops. 

The reset circuit, triggered by the output stage, is 
turned on during the reset period. The reset circuit, 
in turn, applies a —1 volt potential to the bases of 
the transistors to be reset, and turns them off. When 
counting is resumed, the reset circuit is turned off 
by the output stage. The reset circuit is then dis- 
connected from the decades by means of a reverse 
bias of 9 volts applied to the reset diodes. 


Fig. 3—Binary to decimal conversion. 
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The equipment was designed to provide input eit ae Pele Lele 
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Fig. 4—Reset circuit. 
first input consists of a mechanically operated micro- 
switch which provides a signal which varies from 
ground to —12 volts. As shown in Fig. 5, capacitor C 
is placed across this switch to prevent erroneous 
triggering caused by transients produced by switch 
chatter. A second input is provided by a Schmitt 
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Fig. 5—Low-speed transistorized decade counter—Ist decade and input. 
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Fig. 6—Low-speed transistorized decade counter—2nd 


circuit driven by an amplified signal from a photo- 
cell. The unit used in this application was a Clairex 
type CL-3 crystal photocell. As used in the test cir- 
cuit, the cell had a dark resistance of approximately 
50 megohms and a light resistance of approximately 
100,000 ohms. 

The input signal provided by the photocell is 
amplified by a temperature-stabilized amplifier, the 
operating point of which is determined by the 
Schmitt-circuit requirements. A complete analysis 
of the Schmitt circuit? and the class A amplifier? 
can be found in the literature. 


Output Circuit Design 


The bistable output circuit for this counter was 
designed to drive a 6 volt, 200-milliampere relay, as 
shown in Fig. 6. The output circuit is triggered into 
one state by the output of the last decade. It is then 
returned to the other state by means of an externally 


</es 
| 


—-NWAUDRIBMOO 


decade reset circuit and output. 


operated switch. As an alternative, this output stage 
could be transformed into a monostable stage, which 
can be triggered by the last decade, and then re- 
turned to its original state after some predetermined 
time. 

Sufficient power to drive the output stage was ob- 
tained by the redesign of the 4th flip-flop in the final 
decade. This revision required that the collector cur- 
rent of the transistors used in the 4th flip-flop circuit 
be raised from the nominal 5-milliampere value to 
25-milliamperes. The same conditions employed in 
the design of the binary flip-flops were used in the 
design of the bistable output and the 4th flip-flop of 
the final decade. 

A complete counter consisting of two decades was 
constructed using RCA type 2N406 and 2N270 tran- 
sistors and 1N38A diodes. The counter operated satis- 
factorily at temperatures up to 55 degrees centigrade 
with power-supply variations of +50 per cent. 
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Exact Calculations for Class A and B 
Transformer Coupled Amplifiers 


J. S. MacDOUGALL* 


Power transistor circuits operated under large signal conditions are limited in their 

power output capablities by the “saturation resistance” and the supply voltage. Formula’s 

derived to include this information will allow exact calculation of Class A and B stage 

operating conditions and eliminate entirely the guesswork involved in Class A design. 

As a result of the study simple design procedures have been detailed for Class A and 
B designs which allow very good prediction of circuit performance. 


The Meaning of “Saturation Resistance” 


Examination of the typical transistor collector char- 
acteristic as given in Fig. 1 shows that there is a line 
whose slope has the dimensions of inverse resistance 
which describes the drive limit or saturation of the 
transistor. Although the idealized characteristic may 
show a sharp saturation point an expanded plot will 
show a relatively wide transition region. It thus be- 
comes a problem in the practical case to determine 
exactly where a “saturation line” should be drawn. 
In a high power stage the line would be drawn very 
close to the ideal limit but in an audio amplifier the 
line is drawn beyond the knee of the collector curves 
to give low distortion. Hence the exact placing of 
the saturation line will depend on the particular 
application. 

Since the slope of the saturation line has the units 
of mhos (or reciprocal ohms) it is often given as a re- 
sistance called the “saturation resistance.” This sat- 
uration resistance will represent the output imped- 
ance of the transistor when used as a switch or the 
ohm’s law limit on load current when the transistor 
is used as a linear amplifier. 

It should be noted that a saturation resistance pa- 
rameter is frequently stated for power transistors 
which can be very misleading since it can depend 
very much on the beta used for testing. For instance, 
a transistor having a small signal beta of 100 may 
be tested for saturation resistance at a beta of 10. 
Since this gives no information as to the degree of 
characteristic crowding and hence the amount of dis- 
tortion present it is essential in all but the meanest 
stages to examine the collector characteristic person- 
ally and form one’s own conclusion as to the correct 
“saturation resistance” for the particular application. 

The usefullness of the saturation resistance is ex- 
tended when it is realized that since it represents 


*Applications Laboratory, Semiconductor Division 
Raytheon Co., Needham, Mass. 
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a limitation on transistor performance it may have 
added to it other collector circuit series resistance 
and hence give a new value which will represent total 
circuit performance. Thus the saturation resistance 
quantity in the formulas should equal the collector 
saturation resistance as determined from the collector 
characteristic plus any series emitter bias resistance 
plus in some cases, the transformer winding resistance. 


Designing a Class “A” Stage for 
Sine or Square Wave Operation 
A typical class A stage as shown in Fig. 2 is re- 
quired to deliver power to a load, R,, through the 
transformer. A definition of terms is given below: 


— Saturation Line 


Ip5 


na Ip4 Base 
ollector Current 
Current 4a2 
I¢ Ip 2] 
Ipi 
Collector Voltage Ve¢ 
Fig. 1—Idealized collector characteristic. 
Ride FR 
tio 
+—Res 
Re 
Fig. 2—Typical Class A stage. 
oT 


R.; = Collector saturation resistance 


tes = Des > Lhe 

Rx’ = Reflected load resistance 

I, ‘= DC. collector bias current 

Pom = Transistor circuit power delivered to trans- 
former 

n = Circuit efficiency at maximum power output 
Cees) 

V.. = Collector supply voltage 


Pim = Highest possible transistor collector dissipation 
Using the equations derived in Appendix I a design 


procedure is given in Table I for a class A transformer 
coupled stage. 


Illustrative Example 

A Raytheon 2N1660 transistor is required to deliver 
two watts into a resistive load when operated in a 
24 volt system as a class A amplifier, with a sine 
wave input. 

R., for this device is four ohms and the emitter 
stabilization resistor is five ohms unbypassed. 
step LR, — Rk, + R,= 4+ 5 = 9 ohms 
Step 2. The d-c bias current will be given by: 


eS ee . 
ee x9 1 
195 = 200 ma 
Step 3. The load seen by the collector will be given by 


16 X 9X2 
(24)? 


= 90 ohms 
Step 4. The circuit efficiency at full output will be 
— Pom 
eves 
gt 2 
24 x 0:2 
= 41.7% 
Step 5. The maximum dissipation in the transistor is 
given by 
Pom = Veco I, = 4.8 watts 


Designing a Class ‘‘B” Stage Fox Sine 
Or Square Wave Operation 
For a class B stage of the type shown in Fig. 3, and 
using the equations derived in Appendix II, a design 
procedure is given in Table II. A definition of terms is 
given below and the design procedure follows: 


Ties 
Rk, 


= Collector saturation resistance 


ines ae Tbe 
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Table | — Design Procedure For a Class “Ay 
Transformer Coupled Stage 


Square Wave 


Step Procedure Sine Wave 


1 | Calculate the ie oeeatalve 
saturation 


resistance 


Rs= lithe +R, 


Calculate the 
D.C. bias 


; Py Ree 
Find the reflected} 2,’=———_ 
~ V ce To 
load resistance ee OCueeO ees 
required 2 [Poe 


Calculate the 
circuit efficiency 


Pom 
n 


The maximum Pam= Vee lo= 


dissipation is 


Rz,’ = Reflected load resistance per transistor 

Pom = Total power output from both transistors 

n = Total collector circuit efficiency at maximum 
power output 

Pam = Maximum power dissipation per transistor 

V.. = Collector supply voltage 

I, = Maximum d-c collector supply current 


Illustrative Example 


The 2N1660 transistor studied in the previous ex- 
ample is to be used in a class B sine wave amplifier 
which must deliver a maximum of power output re- 
gardless of efficiency. 

As explained in Appendix II, maximum power out- 
put is obtained when the square root quantity in step 
one reduces to zero. This is the special case where 


Tv 


= = 39.3% 


and Drive 
Circuits 


Fig. 3—Typical Class B stage. 
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id the maximum power output is given by: 


ropa ge 
ove 
r, rearranging 
© oat 
Pom = oR, 
242 
Fyre ae 18 watts 


The design may now be carried through by follow- 
g steps 2, 3 and 4 to obtain: 


Ri’ = Rk, = 4 ohms 


7, 9 


J cc. 
ae = = R,’ 


i 
ee E =| 


1.91 Amps d-c. 


= 14.5 watts 


Table Il — Design Procedure For a Class ‘‘B”’ 
Transformer Coupled Stage 
Procedure 


Sine Wave Square Wave 


Calculate the 
circuit efficiency 


Calculate the 
reflected load 
resistance 


The maximum 
power dissipation 
per transistor 
will be 


The maximum 
D.C. supply 
current will be 


Appendix | 


Derivation of Class ‘‘A’’ Amplifier Design Equations 


A glossary of terms to be used in the derivation is 
given below: 


V.. = D-C collector supply voltage 

I, = D-C collector supply current 

V., = Minimum collector voltage at saturation 

I., = Maximum collector current at saturation 

R, = “Saturation resistance’”’ as defined earlier 

R,' = Reflected load resistance seen by the collector 
P, = Collector dissipation 


Pj» = Transistor circuit power delivered to transformer 

n = Collector circuit efficiency at maximum power 
output 

IT, = Minimum value of collector current during 
signal 


V. = Peak value of collector voltage during signal 
Pim= Maximum collector dissipation 


The load line to be examined is drawn on a collector 
characteristic in Fig. 4. This load line is not the usual 
“theoretical” load line which can only be drawn if 
there is no saturation resistance but is the actual line 
that until now could only be obtained by trial and 
error. 


Sine Wave Analysis 


From Fig. 4 certain equations are immediately evi- 
dent. Assuming bias is to the middle of the useful 
load line: 


ve 
BF dels i 
i 9 ( ) 
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os _ Os 9 
roe 4 ( ) 
ee 
R, a ne (3) 
: ( Ves S Vis) 
/ a 9 F 
Ry! = 2 Ce= (4) 


The general equation for collector dissipation is: 


1 nin 
Pater Fe i p dot (5) 
7. 3 


‘e— Saturation Line= + 
Rs 


a Load Line =a 
Collector L 
Current 


<+— Zero Signal 
Bias Point 


t * * 


- 
Ves Veco Ve 2Vce—Ves 


Collector Voltage 


Fig. 4—Class A collector characteristic. 
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The instantaneous collector power dissipation con- 
sists of: 


PS Vi hy te hy (6) 
where 
i= OF, —F,)-sin wt 
Substituting Eq. (1) 
ie = (4 = 1.) sin (2) 
Combining Eq. (1), (4), (7), and (6) in (5) gives: 


2 


Vee ae Via ies oe *9 
—2 =) & If .) sin ot| dost 
Ve thee 


2 
: 3 ; 1 the 
mol (I CORT V6) (3 ca - (8) 


This is the general equation for the collector dissi- 
pation which when solved for the specific case of 
I, = 1,,/2 gives the zero signal dissipation: 


p= At = Vee Le = Pan (9) 
and for the case of I, =0, gives a value for the col- 
lector dissipation at maximum signal of: 


~ (Woe + Vix) Te 


Py a 


(10) 

Since the circuit is operated class A, the input 
power remains constant under all signal conditions 
and therefore equals the zero signal collector dissipa- 
tion. Thus the circuit efficiency is given by: 


Pe Se PS 
or Pz (d-c) * Vee If; (11) 
4 4 
ce cs If 
4 < 1 V 
= ag Ge acd cs 9 
9 ce 
However, 
ae 2 (Vee = Ves) 
Ls es Re (4) 
and 
Ve 
Pevice ie (3) 


Therefore equating Eq. (4) and (3) and rearranging 
we get: 


(13) 


40) 


ail 
a || 


Substituting Eq. (13) in (12) and simplifying gives: 


st op pes 
YO Ry aon 


and solving Eq. (14) for R;’: 


(14) ) 


ea LA 
pe = 
Also substituting Eq. (11) in (14-A) gives: 
2k . 
ae 15 
iM Viole 5 us 
oP 


The power output equation may be manipulated as 
follows: 


V _ V 
— cc cs y 
Pn - “27 te, ) 
Ve Ve Les Ve 
ee, (1 ~ =, ne 


Then by substitution of Eq. (13), (3) and simpli- 


fication: 


] 9 / 
Ve Rr 


Pom = FR! OR 


Substituting Eq. (14-A) for R;’ gives: 


Vest 

‘PS = OR. n (1 T 2n) (16) 

Substituting for n (Eq. 11) in Eq. 16 gives: 
Vee 2 ae 

oi) 
Solving for I, results in the key equation: 

Ve 16 Tes born 

Io ince AR, = V1 i Vee? | (17) 


Equation (17) indicates that two extreme bias 
points are possible, one with low current high voltage 
swing and one with high current low voltage swing. 
For simplification of transformer design it is desirable 
to use the low current bias point which means using 
the “minus” in Equation (17). 

Equation (17) also gives information about the cir- 
cuit power limitations. Between the two load lines 
described by the two extreme bias points there will 
be a load line representing the maximum power the 
circuit could ever possibly deliver. This occurs when 
the quantity under the square root sign equals zero. 
Therefore at maximum possible power output. 


(18) 
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(19) 


Therefore combining Eq. (18) and (19) in Eq. (11) gives 
N = 25% which is the efficiency at maximum possible 
power output. Substitution of this value for y back 


into Equation (14-A) shows that R,’ = 2R, repre- 
| sents the minimum useable load resistance. 


Square Wave Analysis 


Referring to Fig. 4 again and writing the obvious 
equations we get: 


Tins 
f = ch (1) 
ee ae, ‘ (20) 
ae « 
R, = ic (3) 
Neen, Ve. 
R,' = 2(Veco — Ves) (4) 


Les 


Without resorting to integration it is clear that the 
maximum collector dissipation will be: 


Peas = Voc i (9) 


and the collector dissipation at maximum output is 


given by: 


(21) 


Then carrying out the analysis exactly as before 
the following key equations are obtained: 


= R,! 
rhe tay 2) 
) 
Bee (22-A) 
Pi aeiy 
> Vcc? 5 
Eom =on 7 aH (23) 
Vee BR, Pon | 
l= aR [ a J Se | (24) 
Compare Eq. (24) with Eq. (17) 
Also, at maximum possible power output: 
‘i ot Le (25) 
gee 
i Veet 26 
om SR, ( ) 
n = 50% 
and R,’= 2R, 
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Derivation of Class ‘‘B’’ Amplifier Design Formulas 


Definition of Terms 


R.. = Collector saturation resistance 

By =a + BR. 

Rx’ = Reflected load resistance seen by each col- 
lector 

Pim = Total power output from both transistors 

n = Total collector circuit efficiency at maximum 
power output 

Pim= Maximum power dissipation per transistor 

V.. = Collector supply voltage 

Im = Maximum d-c collector supply current 


; Collector current at saturation 
Collector voltage at saturation 


Sine Wave Operation 
Consider the collector characteristic graph given in 


Fig. 5. The peak signal swing along the load line is 


limited at the bottom by the saturation line. The satu- 
ration line location may be set by definition to suit the 
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particular application and its distortion requirements. 


< Saturation Line= 2 


s 
Ic¢g > 


mod 
Collector «— Load Le 


Current 


Collector Voltage 


Fig. 5—Class B collector characteristic. 
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From the characteristics it is immediately apparent 
that: 


R, = (1) 


i iia 
RR =o (2) 


(Vee aay View) Les 


) gras = ») 


(3) 


The maximum dissipation at each collector is a well 
known equation obtained as follows: 


P= Rs vt dwt = ale / (Vic — Ry 1) tdot 
or ‘ Qa ; 


) 


If i = J, sin wt, then solving: 


Wadi bel Tor 
ips ead i Et Hee (4) 
7 4 


The maximum dissipation occurs at: 


PR Via EERE 
Re at Stor 2, 
S) 
or when J, = 2Vce (5) 
a Rr 


Substituting this value of I, into Eq. (4) gives the 
maximum dissipation equation: 


sae 6) 
Also equating Eq. (1) and (2) and solving: 


ae ee 
ie SEL gp © 


The total output circuit efficiency is given by: 


te Pom 
Le Aone Bey ae 


By substitution of Equations (4) and (7), at the point 
where I, = I,., this becomes: 


pity | Sues arn 
eres w + z) 8) 
Or rearranging: 


4nk, 


R,) = ——~ 
a —4y 


(8-A) 


If the power output, Eq. (3), is expanded so that 
Eq. (1) and (7) may be substituted we get: 


Voces Rx’ 


dips TERT S SE ay DIR. 
a(R, + Re’)? (9) 
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Substituting Eq. (8-A) into (9) and solving for the — 


efficiency gives: 
ee aa 


This shows two possible load lines but since it is 
desirable to have as high an efficiency as possible, the 
plus sign is retained in the equation of choice. 

As with the class A amplifier, this type of equation 
gives the conditions for maximum possible circuit 
power output, namely: 


(10) 


Ver 
egy As i 
J Press 8R,; ( ) 
This will occur at an efficiency of 
n= = = 39.3% (12) 


An efficiency of 39.3% will then represent a bottom 

limit in checking for possible design errors. This 

maximum possible power output will occur when 

Rei Re (13) 

The maximum d-c collector supply current is the 

average value of the total pulses flowing in the col- 
lector leads. This is given by: 


2 
Ve a 1 
TT 
substituting Eq. (7) gives: 


(14) 


Square Wave Operation 


Referring to Fig. 5 again and writing the obvious 
equations we get: 


Ves 
ie = ra (1) 
/ ee ao Vs 
Ry’ = Shapes (2) 
tape ca (Vie Fe Ve) 1s (15) 
Vie we ae WR : 
Pa = ae (16) 


The maximum power dissipation may be found by 
differentiating Eq. (16) to get: 


Weg Mee 
are Peak — edir 
Voc 


Substituting Eq. (17) into (16) gives: 
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(18) 


‘y a process similar to the sine wave analysis, the 
ficiency at maximum power output is: 


22 Ry! ( 
= Rav Be: (19) 
/ IR 
| iz = ts (19-A) 
| es 7 


= the maximum power output is: 


; 


, Rx! 
| Py, = i} ae on ae oe 
(iin 4-2)? 


Nhich by substitution of Eq. (19-A) becomes: 


(20) 


Zener Diode Circuits For Stable 


‘Transistor Biasing* 


oe e c a i 5 or (21) 
Maximum possible power output will be: 
Pim = 5 (22) 
This occurs at: 
n = 50% and when R,’ = R, 
The maximum D.C. collector supply current is: 
[pes Ls 
Vo oy: 
R, + Ry’ (23) 
Part 1 


J. KABELL* V. H. GRINICH* 


The stabilization of the d-c operating point of transistor amplifiers by the use of Zener 
diodes is discussed. The circuit using the Zener diode has a high degree of stability 
with a minimum drain of power from a single simple power supply. The operating point 
of the transistor is established in a more stable manner than in commonly used bias 
circuit arrangements because it is much less affected by variations of temperature and 
variations among transistors. Design methods and experimental results with germanium 
and silicon units are given for the Zener diode scheme and compared to conventional 
methods of biasing. 


HEN THE CIRCUIT DESIGNER IS LIMITED to a single 
\\) source of power supply voltage, the design of 
a transistor amplifier stage involves a compro- 
mise between minimum power consumption and the 
stability of the d-c operating point of the transistor 
with respect to variations in ambient temperature and 
variations in parameters among transistors. By using 
silicon Zener diodes to establish voltage levels certain 
transistor circuit d-c bias methods can be evolved that 
either eliminate the necessity for such a compromise 
or make possible a more desirable compromise. 

One figure of merit for the d-c bias stability of a 
transistor amplifier stage is the partial derivative of 
total collector current, I., with respect to collector 
leakage current, I... This figure of merit is sometimes 


+The largest portion of the work reported here was done when 
both authors were at Stanford Research Institute. This re- 
search was performed under the sponsorship of the R. C. A. 
Laboratories, Division of the Radio Corporation of America. 


*Fairchild Semiconductor Corporation 
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called the stability factor S', and the degree of sta- 
bility of a circuit is inversely proportional to the mag- 
nitude of S. Another figure of merit, T, which indi- 
cates the relative tolerance of circuits to transistor 
substitution will be introduced. 

The normal method used for biasing a common base 
stage with two sources of power supply voltage and 
a large series resistor in the emitter bias supply lead 
gives a value of S near unity for the stage. However, 
when only one source of power supply voltage is 
available, it is necessary either to bias the transistor 
in such a manner that variations in collector leakage 
currents are amplified along with the desired signal 
or to approximate a second voltage source by means 
of a resistive voltage divider connected across the 
primary voltage source. The first alternative usually 
results in a circuit having S nearly equal to hyp of 
the transistor; the second alternative reduces S at 
the expense of increasing power drain in the voltage 


‘Shea, et al., Principles of Transistor Circuits, p. 99 (John 
Wiley and Sons, N.Y., (1953). 
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R¢ 


Fig. 2—Zener diode biasing network. 


Fig. 3—“Brute force” resistive biasing network. 
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divider. D-C degeneration in the form of emitter lead 
resistance may also be used to improve stability. 

Presented here are several d-c bias arrangements 
for transistor circuits that use the constant avalanche 
(Zener) voltage property of silicon junction diodes 
to provide maximum bias stability with minimum 
power drain, minimum signal degeneration, and rela- 
tively few components. In general, the Zener diode is 
used to control the collector-base voltage of the tran- 
sistor while a series resistor controls the emitter cur- 
rent. These circuits are described in detail in the fol- 
lowing sections and the basic design equations are 
given. 


Stability Factor For Resistive Bias Network 

The conventional single-voltage source bias net- 
work shown in Fig. 1 depends on the d-c degeneration 
introduced by resistor R, to improve the bias stability 
factor of the circuit, and the stability factor is given 
by the equation: 


Ee ae Rp 


oe ee eae 


(1) 
From this equation it can be seen that large values of 
R, and small values of R, are desirable for good sta- 
bility. Design Equations (1) through (6) relate to the 
circuit of Fig. 1. Since the value of R, is determined 
by the base current of the transistor and the d-c col- 
lector-to-base voltage plus the d-c voltage drop across 
R,., Ry is necessarily quite large for the usual values 
of collector voltage and base current. 


ZtETE 3) 
Assuming 
I,«TI,, and Va —~0, (4) 
then 
Wee = The canes (5) 
T,R, = Ve + heel R, (6) 


However, if part of the voltage drop normally ob- 
tained in Ry is obtained instead by placing a Zener 
diode in the base lead (the circuit is shown in F ig. 2) 
the value of R, may be reduced and since the voltage 
drop across the diode is relatively independent of the 
current flowing through it, S is improved by the cor- 
responding reduction of R,.* Design equations (7) 
through (12) apply in this case. 


io The result of reducing R, increases the a-c loading but in 
most cases this effect is negligible. In any case its effects could 
be included in the design. 
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+ i "bd 
Ls—Ving sa "PERFECT" 
| DIODE 
Vv | Vbd 
; JUNCTION DIODE 
WHICH NEVER 
BREAKS DOWN 
“bd 
Fig. 4—Characteristics of breakdown diode. 
. R,+ R, 1 AT 
SS. — 7 —41—=—, 1 
ee eae 1) ie ficades fe 
i= y:. Assuming 
via caessae tts (8) 
e E 
dy and I, « Ra eet 
Reeth aah: 
Rot Be Rs oa 
Assuming Vacz0, (16) 
<< Ee 7» 
»>< TI. and Va—~0, (10) Poet Ge. (17) 
hen 
1 ie 18 
We RoeE (11) of aaa (18) 


I,R, ++ Voa = Van + hrpl I, (12) 

Figure 3 shows another common method referred 
to as the “brute force” method of obtaining d-c bias 
from a single power source. The design equations are 
(13) through (18). In this circuit R. and R; form a 
voltage divider which sets the base voltage of the 
transistor, and R, provides d-e degeneration. The sta- 
bility factor depends on the values of the resistors 
of the voltage divider, R. and R;, which in turn may 
be limited by signal impedance consideration. For 
the circuit of Fig. 3: 


Ralts_ 
R. + Rs 
Rots 
o+ Rs 


fet 
(19) 
ie -+ (1 — hrs) R 


it, it, 


S = —_—_— 
R, 1 — here) + Re 


(13) 


where 
ea age capes 
Foye vite Bes 
Be Wk 
i Reo 
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Equations (1) and (19) are similar in that R, is 
the same and R, and R; in parallel are equivalent to 
R,. It is clear that the stability factor may be im- 
proved within limits (set by signal impedance con- 
siderations) by reducing the value of Ry and R; which 
in turn increases the power consumed by the circuit. 


Characteristics Of Breakdown Diodes 


The volt-ampere characteristics of a Zener junction 
diode, Fig. 4(a), can be approximated by the model 
in Fig. 4(b) composed of a junction diode having 
infinite breakdown voltage in parallel with a series 
circuit; this series circuit consists of a “perfect” diode 
(zero voltage drop in forward direction, zero current 
in back direction), a resistance r»q, representing the 
diode impedance in the avalanche condition, and a 
source of e.m.f., Vya, that is equal to the Zener voltage. 
(At the present time commercially available Zener 
diodes are obtainable with avalanche voltages from 
3.7 to 500 volts.) The resistance r»q initially decreases 
with current. 

Variations of avalanche voltage with temperature 
change are small enough to be considered negligible 
for the applications under consideration. 

A certain minimum d-c diode current is required 
for stable operation in the avalanche region and can 
be obtained by specifying either (1) transistor char- 


45 


(dQ) 
COMMON-EMITTER TRANSFORMER COUPLED 


(b) 


(C) 
COMMON-COLLECTOR TRANSFORMER COUPLED 


Fig. 5—Transformer coupled amplifier configurations. 


acteristics and operating points which provide the 
necessary base current or (2) additional circuit ele- 
ments that are discussed later. At current levels close 
to the knee of the curve where avalanche begins, 
many diodes exhibit either a high internally gener- 
ated noise or a high a-c impedance, or both. There- 
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fore operation near this point should be avoided. — 


Circuit Configurations 


Figures 5(a), (b), and (c) show the method of usin; 
Zener diodes with transformer coupling for the com 
mon-emitter, common-base, and common-collecto 
configurations. The resistance R, consists of the d- 
resistance of transformer winding (T-1) plus the re 
sistance 1, of the Zener diode. (The base-lead resist. 
ance of the transistor 7,,, may have to be considerec 
in some cases.) Capacitor Cy, prevents signal degen 
eration through R,. In cases where ryq causes exces 
sive loss of gain or where the diode introduces ex 
cessive noise a bypass capacitor C, as shown in Fig 
5(a) may be used. 

The capacitor C, should be used when (1) the 
Zener diode impedance in the avalanche region i 
sufficiently high to lower the gain or (2) the noise 
introduced by the diode may be objectionable. 

In the three configurations of Fig. 5 the d-c circui 
is the same except that the transformer is located ir 
different branches and hence the d-c resistance is dif 
ferent. For most applications the resistance of the 
input transformer winding may be made small com. 
pared with R,, and therefore S may be made very 
nearly unity. 

Instead of complete transformer coupling, induct- 
ive coupling (L;, C;) as shown in Fig. 6 may be usec 
in combination with transformer coupling (T-2). Ob: 
viously T-2 can also be replaced by an LC combina. 
tion. 

Zener diode bias stabilization may also be used with 
RC coupling as illustrated in Fig. 7. In the RC case 
the resistance in the base lead is usually higher thar 
in the case of inductive coupling, but a good stabiliza. 
tion factor may be obtained with lower power con. 
sumption than is possible with conventional resistance 
stabilization. 

In terms of low frequency response the use of the 
brute force technique for a-c common emitter opera: 
tion requires a large capacitor across R, so that the 
input impedance at the base (~h,./jm@C,.) is smal 
compared to the source impedance driving the base 
For the breakdown diode case, the equivalent capaci 
tor is Cy the decoupling capacitor which must be only 
large enough so that the shunt feedback is negligible 
By considering these effects one can obtain a desigr 
for the Zener diode case where the required capacito1 
can be significantly smaller for the same low fre 
quency characteristic. Hence, not only is the Zene! 
diode case more economical in power dissipation bu 
also it can reduce the cost and size of the capacitor: 
necessary for low frequency response. 

A final circuit that can be used for transforme: 
coupled inputs permits one to design with the Zene! 
diode used in the conventional voltage regulator mode 
except that the current and power drain requirement: 
are reduced since the diode is in the base circuit. The 
circuit is shown in Fig. 7. 
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The design equations are as follows: 


Vin 
) Per R. (19) 
E — Vw 
to 2 
al SUB 0) 


Design so Iz > I, and if R, >> Ra, then S = 1. 


Design Data 


The following design data pertain to an RC coupled 
common-emitter video amplifier of the configuration 
shown in Fig. 8. Given the supply voltage E the de- 
sired interstage loading resistance R,, (determined by 
bandwidth considerations), and a specified operating 
point I, and V., values of R, and R, that give the mini- 
mum value of S may be calculated as follows. Defin- 
ing (E—V,) I,=R,, and assuming I,»I, and that 
V.» = 0, then since R, + R, = R, and1/R,; = 1/R, + 
1/Ro*, we have: 


Kr Re = (hh, = Ro) (Rh, — Rr) 


Ss SS ee Sa Le a a ee 
(1 — hres) RiR. — (KR. — RB.) (Re — Rx) 


(21) 


This has a minimum at the value: 


ia = VV Ro Ry (22) 


which is (under the above assumptions) independent 
of hrs. This gives for the optimum value of S: 


Ri + (Re= WV Ri)? 
(Ui hep) Re i/ Re =v Ri)? 


In order to illustrate the design formula, assume the 
following conditions: 


¥ 
iSeye r= 


(23) 


= 120 
Re = 05K 
fo = 1 no 
Ve.= 40 


Also assume these transistor values at 1 ma and 
4 V. (This is current coming out of the base for a pnp.) 


(fe i BY 
herr = 100. 
then 
1) Ss 
Ry = ~—* = 8K 
il 
R. = V(8) (0.5) = 2K 
Vea = 60 
he =) 6k 


I 
mm = (5 


_ *Tf the a-c base input impedance of the transistor cannot be 
neglected, the analysis should be modified by increasing Rz 
to give the proper a-c loading. 


—1 
— = = 0.6755 


or 
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Fig. 6—Hybrid circuit—LC coupled input, transformer 
coupled output. 


Fig. 8—RC coupled video amplifier. 


¢ 3, OB F.ES 0.) 40 
Nopt. — ~ a = ‘ . 
0.5 4.4 
AED, Biss 0,7)? 
fogs eee 


For comparison with the standard resistive net- 
work stabilization of Fig. 1 we can write correspond- 
ing design equations except that I, will have to be 
included in the analysis. 
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Thus the equations used above for S, R, and R,, 
still hold, but the additional condition 


I,R, ~ Vee + hre sais: (24) 


must be satisfied. Combining this with the equation 
1/R, = 1/R, + 1/R yields 


ie R2+ KE =e (: “ alll Res we Ry = 0. (25) 

Since this quadratic has only one physically signifi- 
cant solution for R,, this value of R, can be used to 
determine R, and S. The d-c power input, I.E, into 
this circuit is equal to that of the Zener diode bias 
circuit. For the same illustrative example we have 
with I, = 5ua, 


R, = 900K 
S = 50. 


It should be emphasized again that the value of Ry 
in this case will have to be chosen specifically for each 
transistor, because small changes in I, from transistor 
to transistor can move the operating point an intoler- 


able amount. 2 
For the “brute-force” bias scheme the conditions* 


listed under Fig. 3 can be combined to yield the fol- 
lowing design data: 


R, = 0.5K 
Re = 7.5K 
diet SF E rae Ts a, 


hehe e) 
aa 


Eee aye “ 
R= 7 f= et =a (26) 
| etn’ pHi 

a hy “hare a7 “4 


where R, is the larger positive root of the quadratic 


1-S(Q 
LU eee 


stirs ee (28) 


* The brute force scheme of Fig. 3 and the zener-diode bias scheme of Fig. 2 are equivalent (in regard to stability and loading 
criteria) as can be seen by making a Thevenin circuit out of Re, Rs, and E. By circuit element rearrangement this gives a 
battery [R,/(R2+R»)] E in series with R» in the base lead, the battery then being replaceable by the breakdown diode. 


(To be continued) 


Versatile Automatic Sequential ‘Tester 


For Transistor Specification ‘Testing 


HILE THE STRONG EMPHASIS on semi- 

conductor device and materials de- 
velopment continues, automation and 
mechanization of manufacturing proce- 
dures is more and more becoming a 
prime concern within a maturing tran- 
sistor industry. 

At Philco Corporation’s Lansdale Di- 
vision, the needs of the transistor in- 
spection department were delivered in 
“project form” to automation design 
specialists. The outcome was VAST I 
(Versatile Automatic Sequential Test- 
er), which is now used by Philco semi- 
conductor operations and also is being 
offered to the electronic component in- 
dustry in accordance with custom spe- 
cifications. 

Designed to rapidly test large quan- 
tities of transistors to a single, pro- 
grammed specification, VAST I is capa- 
ble of 20-parameter “go-no-go” testing 
of 3600 transistors per hour. 

The equipment accommodates three 
operators, though more than two are 
seldom required. Transistors are in- 
serted in single unit sockets affixed to 
a conveyor system and are transported 
sequentially from station to station. 
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Test set-up is achieved by use of a 
2000-bit program card. Information re- 
corded on the program card is then 
assimilated by card-reader circuits and 
effectively transposed into circuit ad- 
justments. 

To expedite “check-out” of the cir- 
cuits after installation of a new pro- 
gram card, and to facilitate in-process 
monitoring, VAST I is equipped with 
a simple circuit-check indicator sys- 
tem. If all circuits are functioning prop- 
erly, a series of indicator lamps on the 
front panel will light when a monitor- 
request button is pushed. Monitor jacks 
are also provided to obtain actual cir- 
cuit readings. 

Each of the individual parameter 
tests constitutes a “go-no-go” decision 
by the equipment. This is accomplished 
by an automatic correlation of transis- 
tor test performance with programmed 
limits on the card. Pick-off mechanisms 
at every test station immediately re- 
move “no-go” units. 

As a precaution against malfunction 
of a pick-off mechanism, the VAST I 
tester contains a magnetic memory-core 
shift register which prevents rejects 


from proceeding to an “acceptable” sta- 
tion. Individual bins for each station 
are provided at the rear of the equip- 
ment. 

As used by Philco’s semiconductor 
operations, VAST I automatically tests 
the following parameters on each tran- 
sistor: 

a) Leakage currents (Inno, Icso, Icns, 

Icrr, Icry) 


b) Reach-through voltage 


Opened rear quarters reveal transistor 
pick-off mechanisms and collection bins. 
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c) Diode breakdown voltages (BVoun, 
BVcrs, BVcu0, BVcz0, BVuzo) 
d) Saturation voltages (Vex, Vex) 
e) DC beta (Hern) 
f) 1000 cycle beta (hr) 
Rejected transistors are automati- 
ally ejected to various bins which 
lentify the particular parameter the 
ajected unit did not meet. A provision 
5s made for an inventory count of each 
pe of failure and the number of ac- 
ptable units processed. Test circuits 
re protected from shorts or open cir- 
uits as currents and voltages have 
een limited to non-destructive values. 
The VAST I functions as a transistor 
ster ideally suited for re-test and in- 
ming inspection departments where 
he devices are tested to finally deter- 
ine whether or not they meet the 
pecifications that have been assigned 
o each. This requires the testing of 
arge quantities of transistors to single 
ype specifications. The equipment must 
so be adaptable to many different 
ypes of transistor specifications. To ac- 
zommodate these conditions expedient- 
ly, the VAST I was designed to test 
20 parameters on each transistor at a 
rate of 3600 per hour. Rapid set-up for 
various types of specifications is ac- 
complished by use of the punched card 
enabling a simple change of the bias 
conditions and test limits for each 
specification to be tested. 

A provision is made for rapid cali- 
bration check on the tester and any 
mechanical failure of the equipment is 
automatically checked to prevent error 
in discrimination between rejected and 
accepted units. 

In its present design, the VAST I 
automatically picks-off transistors at 
each test station without discriminating 
between failures at upper and lower 
parameter limits. However, a memory 
mechanism incorporated makes it pos- 
sible to provide separate rejection and 
collection of units in respect to upper 
and lower limit failures. 

The tester uses 25% of its cycle time 
to transfer transistors from station to 
station while 75% of cycle time is used 
for testing and collection of units into 
appropriate bins. 


TEST MODULES 


Each parameter test is controlled and 
facilitated by a separate test module. A 


SUMMARY OF TESTS 


NO. OF PARAMETER VOLTAGE Ok 
TEST LIMITS LIMIT RANGE CURRENT RANGES 
Too al 01 ua - 10 MA 0 - 100 Volts 
in 0.1 V steps 
Ico 1 .01 ua - 10 MA 0 - 100 Volts 
in 0.1 V steps 
I i 01 ua - 10 MA 0 - 100 Volts 
in 0.1 V steps 
Too 1 01 ua - 10 MA 0 - 100 Volts 
in 0.1 V steps 
Var 1 1 Volt 0 - 100 Volts 
BVcrx 1 0 to 100 Volts 0 to 100 V 
10 ua to 100 ma 
BVeus FI 0 to 100 Volts 0 to 100 V 
10 ua to 100 ma 
BVuno 1 0 to 100 Volts 0 to 190 V 
10 ua to 100 ma 
Hry (DC Beta) 2 0 to 2 V Vcr 1 ua to 100 ma base 
0 to 2 V Van 10 ua to 300 ma 
Hern 2 0 to 2 V Ver 1 ua to 100 ma base 
0 to 2 V Ven 10 ua to 300 ma 
Hew 2 0 to 2 V Ver 1 ua to 100 ma base 
0 to 2 V Vue 10 ua to 300 ma 
Hry 2 0 to 2 V Vcr 1 ua to 100 ma base 
0 to 2 V Vaz 10 ua to 300 ma 
1000 Cycle Beta 2 0 to 1000 0 to 50 Volts 
1 ma to 100 ma 
test module incorporates plug-in front panel to indicate the decision of 
printed circuit boards and voltage limit each voltage limit comparator. Depres- 
comparators. sion of high and low limit “go” and 


Automatic programming of voltage 
and current bias conditions, of “go-no- 
go” limits, and of diode clamp voltage 
levels, are facilitated by relay operated 
resistor decades. Twelve relays and 
twelve fixed resistors are sufficient to 
program voltages from 0 to 100 volts 
in 0.1 volt increments. The card reader 
provides twelve holes for operating 
each group of twelve relays. 


CALIBRATION CHECK SYSTEM 


Calibration of VAST I is checked by 
a simple manual operation. 

Green “go” indicator lamps and red 
“no-go” lamps are supplied on the 


“no-go” push buttons will illuminate 
all green and red lamps when each test 
module is properly calibrated. 

The calibration check is to be made 
when all test sockets are empty. No 
circuits are broken to accomplish the 
check. Relay closures in each test mod- 
ule parallel each transistor socket under 
test with precision resistors. Thus, 
checks are also made for socket short 
circuits and test track and wiring as 
well as for accuracy of test circuits and 
limits. Test jacks are supplied on each 
test module to permit monitoring of the 
actual circuit conditions by use of port- 
able meters. 


APPLICATIONS ENGINEERING DIGESTS 


APPLICATIONS ENGINEERING DIGEST NO. 63 


Two-Stage, Direct-Coupled 5-Watt 
Class-A Power Amplifier; Minneapolis- 
Honeywell Regulator Co., Semiconduc- 
tor Products Div., Minneapolis, Minn. 
(J. A. Lostetter) 


The circuit shown in Fig. 63.1 utilizes 
a 3N47 or 3N51 tetrode power transistor 


Circle 198 on Reader Service Card 


in the output stage. This amplifier is 
capable of better than 5-watts output, 
with total harmonic distortion of about 
15%. 

Base 2 of the tetrode is connected to 
a reverse-biasing source consisting of a 
6-volt supply and a 220-ohm series re- 
sistor. Base 1 is forward biased in the 
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conventional manner with a 1000-ohm . 
potentiometer, Rs connected to a 12-volt 
collector supply. The combination of 
these forward- and reverse-biasing net- 
works will establish a quiescent, no- 
signal, collector current of 12 to 14 
amperes d-c. The input signal is divided 
between the two base connections by 
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means of a fixed 47-ohm and a 150- 
ohm resistor network. 

Among the units satisfactory for the 
driver stage is the 2N1263 power trans- 
istor, although an improved frequency 
response would be desirable. The driver 
stage employs local voltage feedback in 
the form of a 4.7-ohm emitter resistor 
and a 330-ohm resistor from the base 
connection to the positive 6-volt bias 
supply (see Fig. 63.1). This feedback 
arrangement improves the d-c operat- 
ing point stability; improves the fre- 
quency response; reduces distortion; 
and permits feeding back from the out- 
put stage to the emitter of this stage. 

A voltage-divider-type base bias net- 
work, consisting of a 330-ohm resistor 
(Rz), and a 3900-ohm resistor (R:), 
connected between the positive 6-volt 
bias supply and the 12-volt collector 
supply, respectively, is used to establish 
a quiescent collector current of about 
100 ma d-c. 

About 6 db of negative loop feedback 
is used to match the output impedance 
of the amplifier to the load, and further 
reduce the distortion. The feedback 
path consists of a 270-ohm resistor con- 
nected between the collector of the out- 
put stage and the emitter of the driver 
stage. This path includes the emitter 
current of the driver stage. Because 
there is practically no phase shift be- 
tween the emitter and collector cur- 
rents of this stage in the useful pass- 
band of the amplifier, the phase shift 
around the feedback path is essentially 
that of the output stage only. 

In the direct-coupled circuit shown 
in Fig. 63.1, power-type pnp germanium 
transistors are used in both stages. 
Their saturation currents are not 
greatly different. Because a phase re- 
versal exists between the two common- 
emitter stages, a temperature change 
causes the shift in the d-c collector cur- 
rent of the driver stage to compensate 
for the shift in the operating point of 
the output stage. Consequently, the 
stability, or lack of stability, of the 
driver stage is the dominant factor in 
the operating-point stability of the 
amplifier. Actually, over-compensation 


exists. That is, the collector current of 
the output stage decreases slightly as 
temperature is increased. 

Coupling the output stage to the load 
is relatively simple and straightforward. 
The collector of the output stage is 
shunt-fed through a low d-c resistance 
choke. For the collector supply voltage 
and quiescent current used, maximum 
power output is obtained with an 8- to 
10-ohm load across the collector-to- 
emitter of the output stage. A fifty-per- 
cent reduction in power output results 
from 5- or 20-ohm values of load re- 
sistance. To remedy this, a tapped 
choke can be used to permit maximum 
power output into load resistance values 
of 4, 8, or 16 ohms. 


Circuit Construction, Adjustment, and 
Testing Suggestions 


The amplifier circuit should be con- 
structed on an aluminum chassis with 
an adequate radiation and convection 
surface to handle the 15-watt steady- 
state collector dissipation of the output’ 
transistor. A chassis with approximately 
150 square inches of radiation and con- 
vection surface should be satisfactory. 

The areas where the output trans- 
istor, and the ripple-filter transistor are 


100 uf 


INPUT 


to be mounted should be reinforced: 
with 14-inch aluminum to reduce local 
ized heating. The top and bottom of th 
chassis should be ventilated for con-\ 
vection purposes. 

The driver transistor should be) 
mounted on a small (6- to 8-square-: 
inch) auxiliary aluminum plate and: 
located three to four inches from the. 
output stage, making sure each trans-. 
istor is electrically insulated from the 
chassis. The relative location of these: 
two transistors will influence the tem- 
perature compensation of the operating; 
point. Finishing the chassis with a coat! 
of flat black paint will improve its 
radiation capabilites. 

A ground bus should be used for ali. 
connections to the positive side of the) 
12-volt collector supply. The bus should 
be fastened to the chassis at one point. 

If a separate 6- and 12-volt supply is’ 
used, the 6-volt supply should be 
turned on first when applying power to 
the amplifier. 

To check the performance of the am- 
plifier, a signal generator is connected 
to the input and its amplitude is ad- 
justed to obtain a 20-volt peak-to-peak 
votlage across the 10-ohm load resistor. 
A list of performance figures is shown 
in Fig. 63.1. 


=|) OUTPUT 


RL 


_, {07 HENRIES 
'\.5n. OCR 


+ 
xPO 
Conditions Performance 
Ry = 10 ohms T.H.D. at 5—watts output — 1.5% at 100cps 
Q, = 2N1263 Frequency Response (3db down points) 12cps and 18kc 
Q = 3N47 or 3N51 Current Gain .... 800 
Output Impedance .... 10 ohms 


Input Impedance .. 


-- 300 ohms 


Fig. 63.1—Two-stage 5-watt power amplifier. 


APPLICATIONS ENGINEERING DIGEST NO. 64 


A Simple Method of Measuring HF 
and VHF Transistor Current Gain; 
Fairchild Semiconductor Corp., Moun- 
tain View, Cal. (P. J. Beneteau and M. 
Siegel) 

The block diagram (see Fig. 64.1) 
consists essentially of a constant cur- 
rent a-c source in series with a very 
small resistor (say 1 ohm to simulate 
the shorted output condition) and a 
parallel circuit made up of the tran- 
sistor and a switch. The switch S is 
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Circle 199 on Reader Service Card 


closed, and the constant-current source 
is set to give a reading of 1 millivolt at 
the output as measured on the r-f 
millivoltmeter. S is then opened, and 
the same input current as before is 
amplified by the transistor and goes 
through R. This voltage drop equals hy. 
and is read directly on the r-f milli- 
voltmeter. Fig. 64.2 shows a practical 
circuit. 

In lieu of a switch, a shorted (base- 
to-collector) transistor header is in- 


serted, and the oscillator output voltage 
is adjusted to result in Vout = 1 mv. The 
header is removed, the transistor in- 
serted, the d-c power applied, and hy. is 
read on the meter. 

Referring to Fig. 64.3, C.. can be 
neglected, since it is shunted by a 
1 ohm resistor. Co. is a problem since it 
becomes equivalent to a Miller capaci- 
tance. The 1 ohm resistor may be 
neglected. 

The next step is then to neutralize 
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yve and Cy, which are both in the 
der of 0.3 to 2.5 uuf. See Fig. 64.4. The 
-f voltmeter is connected to the base 
rough an isolating resistor R:. Rp is 
he 50 ohm r-f probe. The method con- 
ists of adjusting C for maximum a-c 
oltage at the neutralizing output with 
blank (open) transistor header in the 
ocket to simulate lead capacitance. 
en, the r-f voltmeter is removed and 
onnected to the output. A 50 ohm ter- 
ination is inserted at the neutralizing 
utput, a shorted transistor header is 


TRANSISTOR ourpuT 
VADER 
Test 


OC POWER 


Fig. 64.1—Block diagram of hy. 
measurement. 
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NOLLOWED - OUT fo =20me 
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s/ 
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; 

ik Fk 
0.1 (vise) — 


1 

t NEUTRALIZING 
| + OUTPUT 
| 

| 


Cat 
Sin (INSERTED AFTER 
NEUTRALIZING 
COMPLETED.) 


Fig. 64.2—h,. test circuit. 


inserted, and the input from the signal 
generator is adjusted to result in a 
1 mw signal at the output. The test 
circuit is now calibrated, and transis- 
tors can now be inserted and measured 
for hye in quick succession. 

One further precaution must be ob- 
served. At vhf, “end-to-end” resistor 
capacitance can shunt the input resistor 
to such an extent that a constant-cur- 
rent source no longer exists. For ex- 
ample, at 100 mc, a1 wuf capacitance is 
only 1.66 K@ which would mean the 
parallel input impedance of (2 K in 
parallel with 1 uf) would be reduced 
to 1.25 KQ. Since there are cases where 
the 100 mc input impedance of a tran- 
sistor is 125 ohms or more the error in 
hre can be 10% or more. This can be 
considerably improved by using two 
series resistors and then shielding them 
with a short hollowed-out length of co- 
axial cable. The added parallel capaci- 
tance to ground is tuned out in the 
usual manner, while the shunting ca- 
pacitance (from oscillator output to 
base) is reduced to a very low value 
(say 0.3 wuf). A further aid is to insert, 
at calibration, a header with a resistor 
connected from base to collector, rather 
than shorted. This resistor should be 
approximately the input impedance of 
the transistor at that frequency. Thus 
when the calibrating current is set up, 
the oscillator will see very nearly the 
same impedance as when the transistor 
is inserted, and therefore, will furnish 
the same input current in both cases. 
This precaution may not be necessary 


at low frequencies, but is essential in 
the 100 mc region if the reading is to be 
accurate within 10%. 


Precautions 


It should be noted that, as in any 
high-frequency circuit, the layout and 
the wiring are of the utmost impor- 
tance. The input should be shielded 
from the output, high-frequency ca- 
pacitors should be used, and even 
though the socket capacitances are 
tuned-out, it is advisable to use low- 
loss, low capacity teflon sockets. A cop- 
per ground plate should be used, and 
all components should be mounted as 
close to the plate as possible. 


ouTPUT 
INPUT Rs Sve X ' 
; 


' 
HK 
at a 10 


fit : 


Fig. 64.4—Input circuit compensated 
for Cre + Coc. 


APPLICATIONS ENGINEERING DIGEST NO. 65 


Interval Timer for High Level Output; 
Solid State Products, Inc., Salem, Mass. 


Fig. 65.1 shows a typical interval 
timing circuit designed for operation 
from a 28 volt d-c power source which 
provides 1 ampere to a load for 1 sec- 
ond. The circuit is designed for opera- 
tion over the temperature range of —55 
to 100°C and from 22 to 40 volts d-c. 
Complete solid-state construction as- 
sures minimum size, together with high 
acceleration and shock capacity. 

The timing cycle is started by apply- 
ing an input pulse to point A. A 5 
microsecond or longer pulse with a 
minimum amplitude of 1 V at point A 
is required. This pulse turns on CS-1, 
which in turn supplies power to the 
load. At the same time, CS-2 is turned 
off by the action of the commutating 
capacitor Ci, and timing capacitor C, 
commences to charge through R», Rs 
and R,. The zener diode Z: is used to 
establish a fixed charging voltage 
source, and minimizes timing error due 
to variations in the source voltage. 
When the charge on C2 reaches ap- 
proximately 7.5 volts, Z: will conduct 
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+ 28V DC 


CS-1 - SSPI Type 3A60A/S Controlled Switch 

CS-2 - SSPI Type 3A31 Controlled Switch 
2, - 6.8 volt zener diode, Type 1N710A Cy = 2uf, 30V 
Z2 - 18 volt zener diode, Type 1N720A C2 - 40uf, 10V 


Rj - 1000 ohms 

R2 - 50,000 ohms 

R3 - 10 ohms 

D1- 1N483 Silicon Diode 


Rg - 2200 ohms 
Rs —- 6800 ohms 
Rg - 2200 ohms 


All Resistors - 1/4 watt 


Fig. 65.1—Interval timing circuit. 


sufficiently to cause CS-2 to fire. This 
oecurs one second after the initiating 
pulse turns off CS-1 due to the action 
of commutating capacitor Ci. Power is 
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thus removed from the load. Diode Di 
and R; discharge C2 rapidly, so that 
total recycle time is less than 1 milli- 
second. 


ol 


PATENT REVIEW* 


Of Semiconductor Devices, Fabrication Techniques and Processes, 


and Circuits and Applications 


Compiled by SIDNEY MARSHALL 


The abstracts appearing in this issue cover the inventions relevant to semiconductors from 
Feb. 10, 1959 to Mar. 24, 1959. In subsequent issues, patents issued from Mar. 24, 1959 to date 
will be presented in a similar manner. After bringing these abstracts up to date, PATENT 
REVIEW will appear periodically, the treatment given to each item being more detailed. 


February 10, 1959 


2,873,387 Controllable Transistor Clipping 
Circuit—M. C. Kidd. Assignee: RCA. 
Means for limiting or clipping a translated 
signal. 


2,873,388 Pulse Counter—D. E. Trumbo. 
Assignee: USA (USAEC). A low power 
consuming counting circuit having a read- 
ily adjustable count scale. 


2,873,389 Logic Circuit—W. B. Cagle, W. 
Ulrich. Assignee: BTL. Means of driving 
multiple output circuits having different 
input impedances, from a single logic cir- 
cuit. 


February 17, 1959 


2,874,083 Transistor Construction—K. F. 
Stripp, A. R. Moore. Assignee: RCA. The 
process of manufacturing a device which 
employs low depth penetration of the 
emitter into the base region. 


2,874,232 Transistor Element and Transis- 
tor Circuit—P. J. Jochems. Assignee: 
North American Philips Co. Inc. In a 
single device having two portions, one 
zone is connected as a grounded emitter. 


2,874,233 Transistor Power Amplifier—J. H. 
Guyton, E. G. Roka. Assignee: General 
Motors Corp. In the apparatus described, 
a transistor power amplifier stage with 
adjustable negative feedback to compen- 
sate for the nonlinear response of the 
transistor is provided. 


2,874,236 Semiconductor Stabilizing Ap- 
paratus—D. J. Sikorra. Assignee: Minne- 
apolis- Honeywell Regulator Co. A 
multistage direct coupled semiconductor 
amplifier circuit with means for stabiliz- 
ing operation over a wide temperature 
range. 


2,874,293 Regulated Oscillator—I. B. Mc- 
Murren. Assignee: Lear Inc. A self-regu- 
lated saturable core transistor oscillator. 


2,874,311 Linear Sweep-Signal Generator 
—R. E. Turnage. Assignee: Hazeltine Re- 
search Inc. The circuit combines two op- 
posite-polarity nonlinear sweep signals 
into a single linear sweep signal. 


2,874,312 Transistor Limiter Amplifier— 
A. J. Radcliffe, A. R. Denz. Assignee: In- 
ternational Telephone & Telegraph Corp. 
A transistor amplifier suitable for use be- 
tween a carrier transmission line and a 
frequency discriminator. 


*Source: Official Gazette of the U. S. Patent 
Office and Specifications and Drawings of 
Patents Issued by the U. S. Patent Office. 
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2,874,313 Data Processing Apparatus—J. A. 
Githens. Assignee: BTL. Physical arrange- 
ments of electrical circuit components to 
form package-type digital computer cir- 
cuits. 


2,874,315 Switching Device—W. G. Reichert , 


Jr. Assignee: Allen B. DuMont Labora- 
tories Inc. A pulse generating multivibra- 
tor circuit having low power require- 
ments. 


2,874,331 Transistorized Current Transfer 
Apparatus—F. B. Otto. In lighting or sig- 
naling apparatus having multiple light 
producing elements, means for causing 
current flow through one element only 
and means for shifting current to a sec- 
ond element upon failure of the first. 


2,874,339 Control of Power Delivery to 
Electrical Apparatus—S. Perlman. As- 
signee: USA Dept of the Air Force. A 
transistored d-c power supply. 


2,874,340 Rectifying Contact—K. Lehovec. 
Assignee: Sprague Electric Co. A rectify- 
ing contact made by placing a terminal 
lead in contact with a drop of mercury 
said drop being positioned in a concave 
portion of a semiconductive body, and 
said lead being insulated from the semi- 
conductor. 


2,874,341 Ohmic Contacts to Silicon Bodies 
—F. J. Biondi, H. M. Cleveland, M. J. Sul- 
livan. Assignee: BTL. A low resistance 
electrode is attached to a silicon body 
by brazing with a brazing agent contain- 
ing a suitable alloy. 


February 24, 1960 


2,874,448 Method for Stabilizing Semicon- 
ductor Rectifiers—W. F. Haldeman. As- 
signee: None. A heat treatment technique 
to stabilize the resistance current charac- 
teristics of semiconductor rectifiers. 


2,875,103 Method of Manufacturing Selen- 
ium Rectifiers—E. L. French. Assignee: 
Westinghouse Brake and Signal Co. Ltd. 
Formation of a non-genetic barrier layer 
on a selenium layer by applying to the 
latter a solution of ethoxylene resin dis- 
solved in benzyl alcohol. 


2,875,108 Zone Melting Process—W. G. 
Pfann. Assignee: BTL. In a traveling 
zone technique, a liquid crucible is pro- 
vided by a liquid-to-liquid interface be- 
tween two immiscible solutions. 


2,875,140 Method and Apparatus For Pro- 
ducing Semiconductive Structures—T. V. 
Sikina. Assignee: Phileo Corp. The spec- 
tral distribution of light transmitted 
through a semiconductive body provides 
a measure of the thickness thereof dur- 
ing an etching process. 


2,875,141 Method and Apparatus for Use 
In Forming Semiconductive Structures— 
R. N. Noyce. Assignee: Philco Corp. The 
spectral distribution and transmission of 
radiation through a semiconductor body 
is used to measure the thickness thereof 
during a thickness modification process. 


2,875,284 Electrical Amplifying Means— 
R. J. Ehret. Assignee: Minneapolis-Hon- 
eywell Regulator Co. In an amplifier, 
means for equally dividing input current 
between a plurality of transistors having 
differences in their input impedances. 


2,875,308 Photoresistive Cells—P. Tarbes. 
Assignee: North American Philips Co. Ine. 
RBV (France). Means for hermetically 
encasing a cadmium-sulphide photoresis- 
tive cell. 


2,875,379 Gas Discharge Lamp Power Sup- 
ply—G. T. Porter. Assignee: Phillips Pe- 
troleum Co. A transistor power supply for 
a gas discharge tube automatically re- 
duces the magnitude of the voltage across 
the tube when the discharge is initiated. 


2,875.334 Semiconductor Devices—J. T. 
Wallmark. Assignee: RCA. Means for 
preoxidizing the surface of a semiconduc- 
tor so that subsequent oxidation will have 
a negligible effect on the surface stability. 


2,875,385 Transistors—D. Q. Fuller. As- 
signee: Pye Ltd (England). A grinding 
or lapping technique is used to produce 
very thin semiconductor wafers to be used 
for junction transistors. 


2,875,391 Motor Control System—J. C. 
Brannan. Assignee: General Electric Co. 
Paired transistors having opposite con- 
ductivity characteristics are used in an 
apparatus for controlling the speed and 
direction of a motor. 


2,875,392 Condition Responsive Apparatus 
For Controlling an Electric Motor—B. A. 
Pinckaers. Assignee: Minneapolis-Honey- 
well Regulator Co. A transistorized con- 
trol apparatus is described. 


March 3, 1959 


2,875,505 Semiconductor Translating De- 
vice—W. G. Pfann. Assignee: BTL. A 
multiple p-n junction device. 


2,875,506 Method of Electroforming Tran- 
sistors—R. E. Swanson, A. W. Berger. As- 
signee: IBM. Electroforming by passing 
d-c surges between collector and emitter 
improves current gain and permits con- 
trolled establishment of back resistance. 


2,876,147 Method of And Apparatus for 
Producing Semiconductor Material—H. 
Kniepkamp, G. Ziegler. Assignee: Sie- 


SEMICONDUCTOR PRODUCTS e MAY 1961 


sens and Halske A.G. (Germany) Crys- 
y 1 drawing and zone purification are 
}pmbined in one operation. 

{876,184 Transistor Process And Apparat- 
Is—D. V. Geppert. Assignee: Motorola 
tic. In a process for production of sur- 
hice barrier transistors, etching means 
ce provided which permit large area flat 
jottom cavities to be formed in the body 
‘£ semiconductor. 


(876,282 Multiline Answering Time Re- 
forder for Use in Telephone Systems— 
i’. B. Callaway. Assignee: BTL. A device 
esigned to record the time delay be- 
een initiation and answer of customer- 
laced operator calls on a multiplicity of 
es. 


3816,285 Transistor Switching Network 
‘or Communication System—B. G. Bjorn- 
on, E. Bruce. Assignee: BTL. A tran- 
torized telephone cross point switching 
ystem. 


876,297 Direct Coupled Transistor Am- 
lifiers—E. Keonjian. Assignee: General 
“lectric Co. A temperature compensated 
implifier circuit is achieved by using a 
unction diode in conjunction with the 
ransistor elements. 


2,876,355 Wave form Compensation Net- 
orks—J. J. Suran. Assignee: General 
Hlectric Co. A relaxation oscillator with 
wave form compensating networks. 


2,876,365 Transistor Ring Type Distributor 
—R. A. Slusser. Assignee: Teletype Corp. 
A multistage circuit in which the con- 
juctivity state of succeeding stages are 
controlled in step by step fashion by ap- 
plication of a tracer of pulses. 


2,876,366 Semiconductor Switching De- 
vices—L. W. Hussey. Assignee: BTL. A 
transistor switching circuit which pro- 
duces low a-c impedance and a controlled 
d-c voltage. 


2,876,367 Monostable Transistor Circuit— 
E. E. Sumner. Assignee: BTL. A long 
duration output pulse-producing mono- 
stable pulse amplifier. 


2,876,386 Electric Disintegration of Con- 
Juctive Materials—G. Fefer, D. W. Ru- 
jorff, M. G. Seed. Assignee: Sparcatron 
Ltd. (England). Transistorized spark dis- 
sharge electro-erosion apparatus. 


1,876,387 Indicator Circuit—H. Doeleman. 
Assignee: Eldema Corp. A transistor neon 
mdicator lamp control circuit wherein 
the lamp is controlled with a small volt- 
age swing. 


,,876,399 Semiconductor Devices—P. W. 
Koenig. Assignee: General Electric Co. 
A semiconductor mounting structure 
suitable for dip solder mounting in 
orinted circuit boards. 


876,400 Composite Electrodes for Direc- 
ional Crystal Devices—P. Gunther, F. 
<erkhoff. Assignee: Siemens & Halske 
A.G. (Germany). A composite electrode 
qaaving a core of one of the following 
Ni, Ta, Fe, Cu, Sn, Zn, P, Be or alloys 
hereof, and a coating of Rh, Pa, Ir, Pl 
or alloys thereof. 


876,401 Semiconductor Devices—D. Ful- 
er. Assignee: Pye Ltd. (Great Britain). 
\ heat dissipating mounting for a her- 
netically sealed semiconductor. 


1,876,418 Encoder for Pulse Code Modula- 


tion—C. P. Villars. Assignee: BTL. A 
sequential digit recognition encoder. 


2,876,420 Transducer Circuits—G. P. Maer- 
kle. Assignee: Fisher Radio Corp. A 
translating circuit which employs the 
transistor equivalent of a Hartley or 
Colpitts oscillator circuit. 


2,876,440 Pulse Stretching Amplifiers— 
J. P. Eckert Jr. Assignee: Sperry Rand 
Corp. A pulse type amplifier which re- 
sponds to low frequency input signals by 
producing a high frequency output. 


March 10, 1959 


2,877,147 Alloyed Semiconductor Contacts 
—C. D. Thormond. Assignee: BTL. 
Means of fabricating a planar bond in an 
alloyed connection to a semiconductor. 


2,877,309 Hall Effect Amplifier--H. K. 
Henisch. Assignee: Sylvania Electric 
Products Ine. A novel Hall plate config- 
uration which improves amplifier sensi- 
tivity and provides high amplification. 


2,877,310 Semiconductor Amplifiers—A. W. 
Donald III. Assignee: Advanced Research 
Associates Inc. A direct coupled temper- 
ature compensated amplifier circuit which 
provides for stabilization of the operat- 
ing point with respect to collector satu- 
ration current. 


2,877,357 Transistor Circuits—F. M. Pear- 
sall, R. E. Staehler. Assignee: BTL. Tran- 
sistor multivibrator circuits. 


2,877,358 Semiconductive Pulse Transla- 
tor—J. M. Ross. Assignee: BTL. A multi- 
electrode semiconductor device for use in 
switching circuits. 


2,877,359 Semiconductor Signal Storage 
Device—J. M. Ross. Assignee: BTL. A 
p-n-p-n device is utilized in switching 
and signal storage applications. 


2,877,360 Triggered Transistor Oscillator 
Circuit To Replace A Sensitive D.C. Re- 
lay—J. J. Moore, J. J. DaRold. Assignee: 
USA (Navy Dept.). A latching-type elec- 
tronic relay. 


2,877,392 Semiconductor Device—A. A. 
Koets, J. C. Van Vessem, W. W. Roovers. 
Assignee: North American Philips Co. 
Inc. Configuration and assembly of her- 
metically sealed semiconductor device. 


2,877,393 Semiconductor Device—W. A. 
Roovers. Assignee: North American Phil- 
ips Co. A glass enclosed structure for a 
semiconductor. 


2,877,394 Hall Effect Device—F. Kuhrt. As- 
signee: Siemens Schuckertwerke A.G. 
Means for producing a Hall circuit which 
is free from an inductive component. 


2,877,395 Dry Rectifier and Method for Its 
Manufacture. G. Hoppe, E. Siebert, E. 
Waldkotter. Assignee: Siemens-Schuck- 
ertwerke A.G. Means for preventing 
peeling of electrodes due to gas forma- 
tion resulting from the varnish coating of 
the base electrode in a selenium rectifier. 


2,877,396 Semiconductor Devices—L. D. 
Armstrong, R. L. Sherwood. Assignee: 
RCA. Techniques and materials for at- 
taching a lead to a large area metallic 
electrode of a semiconductor device. 


2,877,399 Timing Device—J. M. Shaull. 
Assignee: None. An electrical timing de- 
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vice controlled by a transistor blocking 
oscillator. 


March 17, 1959 


2,877,533 Mounting Device For Semicon- 
ductor Bodies—F. Wohlman. Assignee: 
Hughes Aircraft Co. Means for mounting 
and positioning a semiconductor body in 
a partially assembled semiconductor de- 
vice. 


2,878,147 Method of Making Semiconduc- 
tive Device—J. R. Beale. Assignee: None. 
P-N junction device and contact therefor. 


2,878,148 Method of Manufacturing Semi- 
conductive Devices—J. R. Beale. As- 
signee: None. Means for alloying an 
electrode to a semiconductor body. 


2,878,152 Grown Junction Transistors— 
W. R. Runyan. Assignee: Texas Instru- 
ments. Selective growing of a crystal so 
that the transistor made therefrom will 
have a low resistance collector except for 
the portion adjacent to the base. 


2,878,298 Ignition System—L. J. Giaco- 
letto. Assignee: RCA. A transistorized ig- 
nition system for internal combustion en- 
gines. 


2,878,312 Noise Immune Automatic Grain 
Control Circuit. H. C. Goodrich. Assignee: 
RCA. A circuit which provides double 
clipping of the received syne signal and 
a-g-c bias which is immune to noise. 


2,878,376 Transistor Converter With Emit- 
ter Connected to Series Resonant Local 
Oscillation Circuit—A. P. Stern. Assignee: 
RCA. A modulation system employing a 
single transistor. 


2,878,384 Angle Modulation Detector— 
D. D. Holmes. Assignee: RCA. A two- 
transistor f-m or angle-modulation cir- 
cuit that concurrently provides limiting, 
detection, and amplification. 


2,878,386 Stable Transistor Oscillator. 
W. F. Chow, D. A. Paynter. Assignee: 
General Electric Co. An oscillator em- 
ploying a series resonant L-C network. 


2,878,398 Electric Circuits Including Tran- 
sistors—E. L. Peterson. Assignee: IBM. 
Power amplifying and impedance match- 
ing transistor circuits. 


2,878,399 Crystal Semiconductor Device— 
J. B. Lair. Assignee: International Tele- 
phone and Telegraph Corp. In a semicon- 
ductor device, internal shielding between 
the electrodes sharply reduces interelec- 
trode capacitance. 


2,878,432 Silicon Junction Devices—L. D. 
Armstrong, H. D. Harmon, H. R. Meisel. 
Assignee: RCA. A mechanical and elec- 
trical connection to an aluminum elec- 
trode of a silicon semiconductor is made 
by an alloying process at a temperature 
not greater than the alloying temperature 
of aluminum and silicon. 


2,878,440 Regulated Power Supply—J. P. 
Jones Jr. Assignee: Navigation Computer 
Corp. A circuit for regulating a high 
current, low voltage power supply. 


March 24, 1959 


2,879,188 Process for Making Transistors 
—G. Strull. Assignee: Westinghouse 
Electric Corp. Means for providing a 
planar emitter on the semiconductor body 
of a transistor. 
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CONDENSED SUMMARY 


i i istor- 
ew substitute for the vocal cords; a small transis 
aa generator from which pulses are derived. A Se 
bined ON-OFF switch and pitch control operate y 

thumb and forefinger regulates speech inflection. 


i i i i i lIties 
A procedure is described which avoids the difficulti 
eecoctated with direct numerical integration of the stiff 
differential equation, and which yields a pair of very 
close upper and lower bounds. 


The range of loads for which a quadripole is potentially 
aeciabie determined by a simple graphical construction 
after measurement of three driving point admittances. 


Method of operation and description of a transistorized 
repeater. 


This article discusses the bandwidth requirements for a 
compatible amplifier and describes one transistorized 
circuit that has been specifically engineered for servo- 
valve applications. 


Use of transistors in practical circuits offers the advan- 
tage of low output impedance, minimum number_ of 
amplification stages, and elimination of d-c coupling 
from output to input. 


The purpose of this investigation was to evaluate a two- 
stage compound feedback circuit as a method of trading 
gain for bandwidth in a wideband transistor video am- 
plifier. 


This optimum supply voltage will be shown to depend 
only on the level amplitude and duty cycle of the 
associated signal voltages. 


Using both gives a configuration that is independent of 
both transistor parameters and load impedance. De- 
scribed here is how such. configurations are reduced to 
four basic forms and how to apply these forms. 


The exponential shape of the initial part of the charac- 
teristic of many electronic devices is utilized. A_descrip- 
tion of a transistor multiplier and divider is given. 


A transistor chopper is used in the input stage, two 
transistors amplifiers as the intermediate stage and a 
magnetic amplifier as the final output stage. Input is a 
few millivolts, output is several hundred watts. 


Front end providing gain of better than 20 db uses 
capacitive impedance matching and shunt coil system 
to cover four frequency bands with two transistors and 
three crystals. 


Magnetic triggering of silicon controlled rectifier circuit 
with conventional diodes provides a three-phase full- 
power maximum output. 


Prototype investigation of environmental effects on elec- 
tronic circuits constructed using stored energy welding 
techniques shows that such joints hold up well under 
environmental extremes. 


New techniques equipment and materials aid the circuit 
designer in producing electronic systems that can with- 
stand the extremes of environment encountered by 
modern equipments. 


Unit operates in the conventional f-m band with a range 
of 50 to 100 feet. In this multifunction circuit the tunnel 
diode is also the a-f amplifier. 


Negative-resistance characteristic enables fast rise time 
independent of signal frequency. 


Switching system analogous to phase control of thyra- 
trons in a-c circuits permits higher efficiency than the 
series regulators are able to provide. 


The effects of biasing, the diode characteristic and cur- 
rent-voltage equation, and the nature of diode break- 
downs are discussed in general. 


Photovoltaic cell readout circuitry has assumed many 
forms with circuit variations and configurations being 
virtually unlimited. The purpose of this article is to 
illustrate a few of these. 


A common-emitter p-n-p transistor and common-base 
n-p-n transistor are arranged in a simple phase con- 
paureleg: to drive the cathode and grid of the picture 
ube. 


A low heater power CRT is described. Vertical horizon- 
tal and power supply sections are discussed. 


Use is made of transistors whose characteristics have 
been optimized and specified for a receiver of this type. 
A discussion of the selection of these transistors is 
given. 


Theoretical and experimental evidence is presented to 
show that circuits using transistors specifically designed 
for deflection service can function better than their 
tube counterparts. 
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The striated microstructure observed in zone refined 
hel ais single crystals is identified as a precipitate of 
21e3, 


AgeTe in zone refined ingots of AgSbTez accounts for 
anomolous reversal of sign of the Hall coefficient. 


An application of Frank's theorems on orientation de- 
pendent solution of crystals. 


Hall, signal, and noise measurements indicate a correla- 
tion between microcrystal size and hole mobility in 
lead sulphide films. 


Experimental results confirm expected effect of arsenic 
pet ressure on the doping ability of IVth column 
elements. 


A theoretical study of crystal growth conditions at a 
liquid solid interface. 


Crystal growth technique makes use of dipping a rotating 
germanium seed into an arsenic germanium melt and 
allowing the seed to puddle at constant temperature. 


The influence of processing conditions, such as time and 
temperature, and the effect of fluxing agents on the 
particle size and concomitant properties observed during 
zine sulfide phosphor preparation are reported. 


The maintenance of several electro-luminescent phos- 
bao mainly of the Zns: Cu,Cl type has been investi- 
gated. 


A simple apparatus for making these measurements with 
liquid helium is described. Typical results are pre- 
ce and correlated with lifetime data at room temper- 
ature. 


A modified closed box diffusion system has been in- 
vestigated over a wide range of conditions. Boron layers 
have been diffused in silicon from B2zOs-SiOz sources 
ranging from concentrations of 0.2% B by weight to 
pure Be2Os. 


The application of powder-metallurgy techniques to the 
preparation of bulk specimens of lead selenide was 
studied; both the hot-press and the _ press-and-sinter 
methods were employed. 


A formula is derived for the effective mass of an electron 
in a crystal which replaces the sum over excited states in 
joie sum rule by an integral over the surface of the 
unit cell. 


A theory is developed to explain the spectrum of light 
emitted from avalanching germanium junctions in terms 
of known properties of the band structure and break- 
down process in this material. 


A study has been made of visible and near infrared light 
emission that occurs at avalanche breakdown in narrow 
germanium p-n junctions. 


The drift mobility of electrons and holes has been 
measured in the temperature range from 20°K to 300°K 
in samples of germanium containing impurity concen- 
trations from 7 x 1012 cm-* to 4 x 10" em. 


A theory is developed which allows for the effects of 
earrier-carrier scattering on the mobilities of the carriers 
in a semiconductor. 


Room temperature (300°K) conductivity mobilities of holes 
and electrons in Ga, As, and Sb doped silicon have been 
calculated from electrical and radio-chemical measure- 
ments using the effective mass approximation. 


and to 
escribed. 


The design and operation of equipment to purif 
grow single crystals of gallium arsenide are 


Transistorized equipment based on a photoelectric de- 
tection method is described for counting apple cells 
(70-500 yw length). 


The method of deconvolution is discussed in the case 
in which phosphorescence is distributed between a num- 
ber of concurrent components with different rate con- 
stants. 


The functions of the phosphorometer are to excite the 
phosphor under test, to measure the modulation fre- 
quency, to sample the excitation and emission intensi- 
ties, and to extract from their modulation components 
the in-phase attenuation factor between them. 


A new technique is described for the study of decay 
mechanisms in phosphors. 


These materials were studied by means of the phos- 
phorometer in a program of measurement and analysis 
which included variation of temperature and average 
exciting intensity. 


The conductivity of an n-type semiconductor has been 
ealculated in the region of low temperature T and low 
impurity concentration. 


From 3°K to 300°K a longitudinal heat flow method was 
eee: from 300°K to 1020°K a radial flow method was 
used. 
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TITLE 


PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Valley-Orbit Splitting of Anti- 


mony in Germanium 


Dember Effect in Silver Chloride 


Effect of Point Imperfections on 
Lattice Thermal Conductivity 


Thermal Conductivity of Pure 


Indium 


Electron Paramagnetic Resonance 
of Europium (11) in Single 
Crystals of Cadmium Sulfide 


Distribution of Electrons in Cad- 
mium Sulfide Crystals 


Electrochemical and Photoelec- 
trochemical Processes on P-and 
N- Germanium at Cathodic Polar- 
ization 


Electrochemical and Photoelec- 
trochemical Behavior of the Sili- 
con Electrode 


Anodic Dissolution of Germani- 
um with a P-N Junction 


A Two-Color Input, Two-Color 
Output Image Intensifier Panel 


A Categorization of the Solid- 
State Device Aspects of Micro- 
systems Electronics 


Transistorized Ratemeter Design 


Integration of Circuit Functions 
Into Solids 


Avalanche Breakdown in a Diode 
With Limited Space Charge Layer 


Investigation of the Low Fre- 
quency Conductivity Fluctuations 
in Germanium Which Appear On 
Illumination 


Spatial Correlation of Low Fre- 
quency Conductivity Fluctuations 
in Germanium 


Purification of Tellurium By the 
Zone Melting Method 


Approximate Calculation of the 
Surface Energy of Some Semi- 
conductors Having The Structure 
Of Diamond and of Zinc Blend 


Thermal Conductivity of Semi- 
conductor Solid Solutions 


Influence of the Electric Field on 
the Electrical Conductivity, Hall 
Coefficient, and Magnotoresis- 
tance of N-Type InSb at Low 
Temperatures 


Electrical Conductivity of Val- 
ence Semiconductors At Low 
Temperatures in Strong Electric 
Fields 


Concerning the Properties of 
Poa in a Strong Electric 
ie 


Long Term Variation of the Field 
Effect In Silicon 


Electrical Conductivity of Gal- 
lium Arseno-Selenides at High 
Temperatures 
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Physical Review 
Nov 15 1960 


Physical Review 
Nov 15 1960 


Physical Review 
Nov 15 1960 


Physical Review 
Nov 15 1960 


Physical Review 
Nov 15 1960 


Physical Review 
Nov 15 1960 


Proc Acad Se (USSR) 


July/Aug 1960 
Consultants Bur Ent 


Proc Acad Se (USSR) 


July/Aug 1960 
Consultants Bur Ent 


Proc Acad as (USSR) 


July/Aug 196 
Consultants Bur Ent 


Proc IRE 
Nov 1960 


Proc IRE 
Nov 1960 


Rev Scient Instrum 
Nov 1960 


Science 
Oct 21 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 


Nov 1960 


Sov Phys Solid State 


Nov 1960 


Sov Phys Solid State 


Novy 1960 


The change in electrical conductivity under uniaxial 
tension and compression has been measured over the 
range 4°K to 7°K for single crystal specimens of germa- 
nium doped with antimony. 


The Dember effect has been investigated in silver 
chloride using a chopped light a-c amplification system 
of measurement. 


The consequences of a simple phenomenological theory 
of lattice thermal conductivity with respect to the effect 
of point imperfections are summarized. 


The thermal conductivity of a pure indium specimen 
was measured in the normal and superconducting states 
in the range of temperatures 1.3-4.2°K. 


The results can be fitted to the usual spin-Hamiltonian 
for 8S state. The zero field splitting is about 0.4cm-'. 


Very accurate x-ray diffraction intensities from a “pure” 
CdS crystal and one doped with chlorine were used to 
calculate electron density maps of their erystal struc- 
tures projected along the C axis. 


In this study the influence of illumination together with 
that of the electrochemical parameters upon Hz evolu- 
tion on Ge was investigated. 


The investigation of the electrochemical and photoelec- 
trochemical parameters during the etching of silica in 
alkali is of interest because'of its contribution toward 
the explanation of the mechanism of autosolution, and 
the effects of change in surface composition on the 
photogalvanic activity of the system. 


An investigation has been made of the distribution of 
potential and current density and consequently also 
the dissolution rate for the separate parts of a germanium 
rectifier at its anodic polarization under various con- 
ditions. 


The design and construction of a two-color input two- 
color output image intensifier panel are described. The 
solid state panel is so constructed that it can be inde- 
pendently excited by either a visible image or a near 
infrared image on the input. 


The four categories are: basic, complex, integrated, and 
array. The constructions details and operating principles 
as well as the electrical characteristics of a new device 
must be specified in order for it to be properly categor- 
ized. Some new examples of complex and integrated 
device are presented to emphasize their differences. 


A transistorized ratemeter featuring low power require- 
ments, smaller space consumption, superior reliability 
and durability, has been developed for use in modern 
x-ray or operating rooms. 


Review article on the trend in electronic circuit con- 
struction towards microminiaturization and molecular 
electronics. 


Reduction of breakdown voltage in diodes with narrow 
bases is discussed using the assumption that carrier 
ionization coefficients depend strongly on the field. 


Current generation by light does not produce a low 
frequency component in the fluctuation spectrum. 


Low frequency fluctuations in germanium are essentially 
fluctuations of the minority carrier density. 


Procedural technique. 


Simple expressions for evaluating the free surface energy 
for faces of ideal crystals with considerable weights of 
covalent links are developed. 


A study of thermal conductivity, particularly the scatter- 
ing of phonons by impurities in semiconductor materials. 


The resistance characteristics of n-type InSb at liquid 
helium temperatures is thought to be the result of 
transition of electrons from the impurity band to the 
conduction band. 


The variation of ionization impact probability, recom- 
bination probability, electron-hole concentration, and 
current density, as a function of electric field strength 
in valence semiconductors at low temperatures is in- 
vestigated. 


Data and analysis of the variation of hole mobility in 
germanium in a strong electric field. 


The effect described is shown to be due to water vapor 
in the atmosphere. 


Empirical results of studies in the tem 
BOO Conese emperature range 
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TITLE 


He Electrical Properties of the 
4»-InSb System 


snon Part of the Transverse 
brmomagnetic Nernst Effect in 
fype Germanium 


_Photomagnetic Effect in Iso- 
‘ic Semiconductors and its Use 
Measuring the Lifetime of 
ority Current Carriers 


» Influence of Geometrical Di- 
asions of Samples in Measure- 
ats of the iffusion Length 
g the Photomagnetic Method 


Conductivity of the P-N 
ction of Selenium Rectifiers 
Strong Fields and Various 
peratures 


bilized Transistor Feed De- 
ned to Feed an Electromagnet 
d for Studies of Nuclear Res- 
ce 


ctural and Physical Effects 
Impurities in Indium Arsenide 


dy and Realization of a High- 
squency Furnace for the Labo- 
Ory 

tus of Electronics Research 
1 Development in Communist 
ina (Semiconductor Devices 
Transistors) 
acess for Producing Extremely 
re Silicon for Semiconductors 


viet Solid State Physics 


e Use of Quartz Crystal Oscil- 
ors in Weighing Thin Film and 
-Microweighing 


‘icon Photocells 

icrowave Solid-State Devices 
icrowave Solid-State Devices 
YP Drift Base Power Transistor 


Transistor Regulated Power 
pply for a High Current Mag- 


search On New High Tempera- 
re Semiconducting Materials 


leory of Switching 


orage Light Intensifier Display 
nel 


ansistor D-C Regulators 


armanium PNP or NPN Junc- 
n. Transistor 


armanium PNP or NPN Junc- 
mn. Transistor 


iclear_ Radiation Resistant 
ywer Transistors 


Itier Effect and Thermal Con- 
ictivity Measurement Tech- 
ace For Thermoelectric Mate- 
ils 


Binary Counter And Accumu- 
for Using Transistor And Mag- 
tic Cores 


PUBLICATION 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Sov Phys Solid State 
Nov 1960 


Techl Translations 
Nov 9 1960 
Akad Nauk Azer (SSR) 


Techl Translations 
Nov 9 1960 
Comptes Rendus (Fr) 


Techl Translations 
Nov 9 1960 
Zeit fur Natur (Ger) 


Techl Translations 
Nov 25 1960 
Il des Recherches (Fr) 


Techl Translations 
Nov 25 1960 


Techl Translations 
Nov 25 1960 
Pat Appl (Ger) 


Techl Translations 
Nov 25 1960 
PAL (USSR) 


Techl Translations 
Nov 25 196 
Zeit fur Phys (W Ger) 


Techl Translations 
Nov 25 1960 
Siemens Zeit (W Ger) 


US Govt Res Repts 
Nov 18 1960 
LC $6.30 PB149016 


US Govt Res Repts 
Nov 18 1960 
LC $4.80 PB149017 


US Govt Res Repts 
Nov 18 1960 
LC $18.30 PB149117 


US Govt Res Repts 
Nov 18 1960 
LC $6.30 PB148179 


US Govt Res Repts 
Nov 18 1960 
OTS $3.00 PB161938 


US Govt Res Repts 
Nov 18 1960 
LC $30.30 PB147384 


US Govt Res Repts 
Nov 18 1960 
LC $4.80 PB149366 


US Govt Res Repts 
Nov 18 1960 


US Govt Res Repts 
Nov 18 1960 
LC $3.00 PB149372 


US Govt Res Repts 
Nov 18 1960 
LC $4.80 PB149373 


US Govt Res Repts 
Nov 18 1960 
LC $4.80 PB149376 


US Govt Res Repts 
Nov 18 1960 
LC $21.30 PB148068 


US Govt Res Repts 
Nov 18 1960 
LC $4.80 PB147565 


CONDENSED SUMMARY 


A study of Hall effect, electrical conductivity, and re- 
sistance changes in a transverse magnetic field of the 
AlSb-InSb system. 


Dependence of the phonon part of the Nernst constant 
on the magnetic field intensity is calculated for p-type 
germanium, 


Expressions for, and methods of, determining carrier 
lifetime in strong fields are developed and discussed. 


Diffusion lengths in a semiconductor can be determined 
from concurrent measurement of the photomagnetic and 
photo conductive emf’s. 


Order from Library of Congress, Washington 25, D.C. 
Sa eee arin Service, Publication Board Project $3.30, 
-23622. 


Order from SLA Translations Center, the John Crerar 
Library 80 E. Randolph St., Chicago, Ill. $1.80, 60-18063. 


Order from SLA (see above) $3.30, 60-16824. The dis- 
tribution coefficients and inequalities for the solubilit 
of Mg, Zn, Cd, Si, Ge, Sn, Se and Te were determined. 


Order from SLA (see above) $1.80, 60-18306. A h-f gen- 
erator, 500 ke to 2 me, selected to melt semiconductors, 
either in a crucible or using ‘regional’ melting. 


Order from OTS office of Technical Services, Dept. of 
Commerce, Wash. 25, D.C. $0.75, 60-21919. 


Order from RIS, Research Information Service, 40 E. 


23 St., New York 10, N. Y. $29.75. RIS rept 97122. 


Order from OTS (see above) $0.50, 60-21923 Soviet ex- 
perimental work is of lower calibre than U.S. in tran- 
sistors but higher in thermoelectricity. 


Order from SLA (see above) $3.30, 60-18069. 


Order from SLA (see above) $3.30, 60-16662. The Sorel 
ciples, construction, and electrical properties of Si photo- 
cells are described. 


Low temperature noise measurements on a_ diffused 
germanium varactor have been obtained for amplifica- 
tion in the degenerate mode at a frequency of 6 kmc/sec. 


Starting with a four terminal network representation, 
the impedance transformation from. the semiconductor 
region of a mesa diode to a transmission line is discussed. 


The production refinement program is presented for the 
2N1430 drift base power transistor. 


A sampling voltage, obtained from a sensing resistor in 
series with the magnet is compared with a _ reference 
voltage; the error signal is amplified and fed back to 
the series transistor thru a 2-state transistor driver. 


Three years of research on the preparation, purification, 
crystal growth, and measurement of the fundamental 
properties of CdS, CdSe, ZnTe, and mixed crystals of 
CdS-CdSe are summarized. 


The synthesis of a special class of switching functions; 
silicon carbide crystal switches, and other topics are 
discussed. 


Progress is reported for work accomplished on complex 
circuit optical feedback light intensifiers for feedback 
control and multitone storage. 


Modifications and extensions of a basic series type regu- 
lator circuit are utilized in the design of three d-c regu- 
lators for electrochemical power supplies. 


The necessary techniques for electrochemically etching 
and plating large area etch pits and electrodes on diffused 
germanium material have been developed; and _ large 


area, microalloyed, diffused-base transistors have been 
fabricated. 
An increased yield in the accurate placement of the 


emitter diode was the result of a modification of the 
gradient of diffusion in the base material. 


Collector-to-header soldering was causing BVcreo degrada- 
tion. Through extensive experimentation with heating 
techniques, solder composition, and type of electrode, 
this problem and others have been eliminated. 


This selective bibliography covers the period 1950-1958. 
The literature of particular interest is that of the Peltier, 
Seebeck, and Joule-Thompson Effects as well as certain 
studies of thermal conductivity. 


Binary devices are described which employ a transistor- 
magnetic core combination as a fundamental building 
block for digital circuits. 
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PUBLICATION 


CONDENSED SUMMARY 


AUTHORS 


Regulated Linear Transformer- 
Rectifier Power Supplies 


Parametric Amplification 


Investigation of Physical Limita- 
tions On Current Gain (Beta) 
And Research On Improved Sili- 
con Contacts 


Micro-Module 
gram 


Production Pro- 


Micro-Module 
gram 


Production Pro- 


Transistorized 


Gyro 
Compass Set 


Magnetic 


Development Of Power Transis- 
tor Circuitry 


Thermoelectric Phenomena 


Thin Film 
niques 


Evaporation Tech- 


Excess Noise in Semiconductors 


The Study Of Properties Of 
Single CdS_ and ZnS Crystals for 
Use As Detectors in Crystal 
Counters 


Mobility of An Electron In The 
Donor Impurity Band Of A Com- 
pensated Semiconductor 


Transmission Line 


S Formulation 
For Semiconductors 


Research On Photoconducti 
Films Of The Lead Salts ee 


Study Of The Mechanism Of 
Endothermic Reactions Photo- 
sensitized On Solid Surfaces 


Investigation of Physical Proper- 
ties Of Semiconductors F 


Silicon Crystal Perfection Study 


Studies Of Microplasmas and 
High-Field Effects on Silicon 
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The NRL unit described in this report, without using any 
filtering components, has_ an essentially linear input 
impedance per phase, is relatively light, economical, and 
has equal if not superior regulation characteristics. 


This research was concerned with the capabilities _ and 
limitations of parametric amplifiers of the nonlinear 


capacitance type. 


This report comprises two principal studies: an investi- 
gation of the factors limiting the grounded emitter cur- 
rent gain (B) of a transistor, and research on improved 
contacts for silicon. 


The process of molybdenum-manganese metallizing com- 
bined with ultrasonically assisted soldering was adopted 
as a method for producing reliable hermetic seals of 
semiconductor and quartz crystal units. 


Electrical testing of prototype microelements was sub- 
stantially completed during this quarter, and environ- 
mental and life tests were initiated. 


Design plans for four Gyro Magnetic Compass Sets were 
completed and submitted. 


The use of a simple transistor push-pull oscillator circuit 
as a d-c to d-c power converter has been investigated. 


History and applications; a physical picture using energy 
level diagrams, and references to materials that appear 
most promising. - 


A description is given of the evaporating techniques and 
a discussion of the system is presented. 


Random electrical noise phenomena in solids was studied 
to understand the origin of 1/f noise in ZnO and _ to 
apply noise measurements to the problem of trapping 
eens and neutral energy transport in cadmium 
sulfide. . 


Progress is reported on the growing of single CdS and 
ZnS crystals. A new technique in powder preparation 
has produced single crystals of greater purity. 


The motion of an electron is studied in an aperiodic 
one-dimensional potential consisting of a random linear 
array of attractive delta-function potentials of equal 
strength. 


A calculation of two points in the band structure of 
lithium is tabulated with the aid of the new formulae 
for structure constants. 


A review is given of recent research on the photocon- 
ductive process in lead salt films. 


Samples of CdS, CdSe, and CdTe were prepared. The 
light-absorbing properties of the solids were determined 
by reflectance measurements. 


Part of the research effort described in this report was 
devoted to the investigation of materials which may 
have interesting semiconducting properties at high tem- 
peratures. 


Single crystals of Si have been pulled from a quartz 
crucible heated by a regulated carbon resistance furnace 
in either a He or A atmosphere. A small dislocation-free 
seed was used with (111) grown axis. 


This study is concerned with producing a p-n_ junction 
device for obtaining high internal fields perpendicular to 
a silicon surface. 
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Industry News 


CONFERENCE CALENDAR 


The Following June 1961 


June 5-7 15th Annual Convention, Armed Forces 
Communications & Electronic Association, 
Wash., D. C. 


June 6- 8 ISA Summer Instrument-Automation Con- 
ference & Exhibit, Royal York Hotel, 
Queen Elizabeth Hall, Toronto, Ont., Can- 
ada. For Information: Wm. H. Kushnick, 
ISA, Penn Sheraton Hotel, 530 Wm. Penn 
Place, Pittsburgh 19, Pa. 


June 14-15 5th National Conference on Product En- 
gineering and Production, Sheraton Hotel, 
Phila. Sponsored by PGPEP. For Informa- 
tion: John A. Knoll, RCA Surface Comm. 
Eng., Location 1-4, Camden, N. J. 


June 18-23 Summer Meeting AIEE, Cornell University 
& Statler Hotel, Ithaca, N. Y. For Informa- 
tion: Prof. Wm. H. Erickson, Elec’! Engi- 
neering, Cornell University, Ithaca, N. Y. 


Meetings Are Scheduled: 


June 22-24 American Physical Society, Mexico City. 


June 26-27 5th Annual Conference of Vacuum Metal- 
lurgy, New York University, University; 
Heights Campus, Bronx, N. Y. Sponsored hy 
American Vacuum Society & NYU. 


June 25-30 Annual Meeting, American Society for Test- 
ing Materials, Chalfonte-Haddon Hall, At- 
lantic City, N. J. For Information: ASTM, 
1916 Race Street, Phila. 3, Pa. 


June 26-28 5th National Convention on Military Elee- 
tronics, Shoreham Hotel, Wash., D. C. Spon- 4 
sored by PGMIL. For Information: Harry 
Davis, SAFRD, Pentagon, Wash. 25, D. C. 


June 28-30 Joint Automatic Control Conference, Uni- 
versity of Colorado, Boulder, Colo. Spon- 
sored by PGAC, ISA, AIEE, AICHE, ASME. 
For Information: Dr. Robt. Kramer, Elec. : 
Systems Lab., MIT, Cambridge 39, Mass. 


The University of Michigan is offering 2 Intensive Courses 
for Engineers and Scientists this summer: Semiconductor 
Theory and Technology June 19-30; Advanced Topics on 
Solid State Masers July 24-28. Write to Engineering 
Summer Conferences, 126 West Engineering Building, 
The University of Michigan, Ann Arbor, Michigan for 
application and folder giving full details. 


Dr. Jerome B. Wiesner, President Kennedy’s special 
assistant for science and technology, was named by the 
Electronic Industries Association board of directors for 
award of the 1961 EIA Medal of Honor for “distinguished 
service contributing to the advancement of the electronics 
industry.” Dr. Wiesner is the first government official to 
be selected for the award since its establishment in 1952. 
Dr. Wiesner is now on leave as director of the Research 
Laboratory of Electronics at the Massachusetts Institute 
of Technology and was, until his appointment to the 
White House post, a director of the Sprague Electric Co. 


RESEARCH AND 


Monsanto Chemical Company recently displayed sam- 
ples of single crystal gallium arsenide produced by all 
three major crystal growing techniques, float zone refin- 
ing, the gradient freeze method and the Czochralski tech- 
nique. 

Dr. R. A. Staniforth, Assistant Director of Development, 
states that at present there is no reason to believe that 
any one of these techniques will provide suitable mate- 
rial for all of the various electronic devices. For example, 
the float zone technique offers the best method of obtain- 
ing a really high purity material, the Czochralski method 


62 


Izvestia, March 21, reports that A. F. Ioffe’s “Theoreti- 
cal and Experimental Studies of Semiconductor Physics” 
has been nominated for the 1961 Lenin Prize. Ioffe is 
famous for his studies of photoelectric, optical and ther- 
mal properties of semiconductor compounds. 

On the basis of experimental data he and his colleagues 
formulated a comprehensive theory of thermoelectric 
transformers. It is set forth in his monograph “Theory of 
Semiconductor Thermoelectric Batteries.” 

His last work, “Semiconductor Thermals,’ was trans- 
lated into many languages. Ioffe’s theory is a valuable tool 
in the hands of physicists and engineers designing new 
types of thermoelectric devices and presents them with a 
clear perspective for work on the firm basis of calcula- 
tions. 


Scores of semiconductor refrigerating and current gen=_ 
erating devices have been designed on the basis of his 
theory. 


DEVELOPMENT 


produces material with the lowest dislocation densities, 
and the gradient freeze technique allows the highest dop- 
ing levels. Monsanto offers this single crystal gallium 
arsenide with mobilities of 3000-5400 cm?/volt-sec and 
carriers of 1 x 1016 to 5 x 10!7 per cm?. 

Dr. Staniforth also states that it is probable that the 
float zone refining method will make possible a high 
purity product which will open up new device areas for 
gallium arsenide, particularly the development of gal- 
lium arsenide transistors. Because of gallium arsenide’s 
larger band gap and rene mobility over that of silicon 


(Continued on page 66) 
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32s 

ajypanese exports of electronic products to the United States 
jing 1960 totaled $94.0 million, a 24% increase over 1959 accord- 
‘to the Electronics Division, BDSA of the U.S. Department of 
jamerce. The dollar value of transistors as shown, increased 


Quantity in Value in 
thousands of units thousands of dollars 

Product 1957 | 1958 | 1959) 1960/1957 | 1958 | 1959 | 1960 
lio receivers 
me type ......... n.s.s./n.s.s.| 457] 881)n.s.s.}n.s.s.| 2,552] 6,277 
Vith 3 or more 
HFANSISCOTS ....0+- n.s.s./n.s.s.| 3,990 | 4,149 |n.s.s. | n.s.s.|57,272 | 55,056 

RE natateiie ibis 1 11 | 2,393] 3,415 1 7 | 1,581) 1,758 
iconductor 
evices, other ..... (1) | (1) 597| 776/ (1) | (1) 92 88 


Not reported separately prior to 1959; value included in “Other 
ectronic products 

s. Not shown separately y. 

arce: Data obtained by the U. S. Embassy, Tokyo, from the Japa- 
ese Ministry of Finance. 


e Department also has estimated domestic exports of crystal 
edes and tranistors for 1960 at $15.97 million a rise of almost 
Yo over the $9.15 figure of 1959. 


Phileo Corp.’s Lansdale Division has introduced a 2N779A 
ADT transistor for high speed switching circuits. Packaged in 
O-18 case, prices are $8.03 each in quantities up to 99 units, 
89 on orders from 100-999, and $5.35 in lots above 1,000 units. 
ie firm has also established a price line for their entry into the 
nsistor test field. Their Virtue 201 is priced at $80,000 and their 
npid Index unit $75,000. 


eem Semiconductor Corp., Mountain View, California has 

ounced the creation of an industrial line of five types of 
ffused mesa silicon transistors, covering the full range from 
dio amplifiers to high-speed switching. Prices in 1,000 units 
nge from $1.60 to $3.85 each. The firm has increased the price 
otection of this industrial line up to 50,000 pieces. The firm has 
so developed a Si mesa transistor RT5202 designed to replace 
gh voltage relays. Available in TO-5 to TO-15 packages, the 
vice is priced at $33 each in 100-999 quantities. 


Sylvania has reduced the price of its 2N782 epitaxial germa- 

um mesa transistor. The new prices are $10.40 each in lots up 

99 units and $6.95 in quantities from 100-999. Their 2N783 with 

‘reported total switching time of 46 manoseconds is priced at 
.00 each in quantities up to 99, and at $15 from 100-999 units. A 
ilar unit 2N784 is listed at the same prices. 


General Electric Co., has reduced prices on three of their sili- 
mM unijunction transistor by 41¢. The new prices range from 
80 to $2.15 each in quantities on types 2N1671, 2N1671A & 
N1671B. 


PRL Electronics, Inc., Rahway, N.J. has made available a line 
' de-to-de transistorized static converters rated for 100w opera- 
on. Prices range from $70 to $81.25 each depending upon input 
ad output voltage requirements. 


Saratoga Semiconductor Division of Espey Manufacturing and 
lectronics Corp., Saratoga Springs, N.Y. has introduced a 1 watt 
licon Zener regulator in a ceramic case. Prices range from $3 
» $7. Glass encased versions are priced at $2 to $4. 


Raytheon Co.’s Semiconductor Division has announced the 
yailability of three p-n-p diffused-base high-speed germanium 
esa transistors. Types 2N705, 2N710 and 2N711 are enclosed in the 
O-18 case. In quantities of 100-999 these are priced at $10 for 
ie 2N705, $5.10 for the 2N710 and $1.95 for the 2N711. The firm 
so has available a line of five stud-mounted Si power tran- 
stors. These double-ended devices are designated 2N1894 to 
V1898 are priced from $36 to $90 each in quantities up to 99, and 
om $24 to $60 in quantities from 100-999. 


Standard Rectifier Corp., Santa Ana, Cal. has entered the Zener 
eld by offering a line of 250 watt Zener diodes. The 250 ZE 
ries are available in a stud-mounted package and the 250 ZF 
1 a flange-mounted package. Prices range from $60 to $70 each. 
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Market News... 


Suppliers 

Cetron Electronic Corporation, through its plastics division in 
Pasadena (Calif.), plans to market a new epoxy resin in the 
form of a pencil for industrial and household use. This non- 
toxic material is utilized by semiconductor manufacturers to 
seal transistors. 


Financial 

Eagle-Picher Co., has reported a decline of 21% in sales and 
a drop of more than 50% in earnings for the three-month period 
ending Feb. 28, 1961. Net sales were $25,002,735 compared with 
$31,667,459 in the 1960 first quarter. Earnings totaled $455,797 
against $1,075,252 for the corresponding period last year. 


Sales of Sprague Electric Company of North Adams, Massa- 
chusetts in 1960 increased to $64,523,956 from $56,351,571 in 1959. 
Net profit came to $4,882,042, including $795,279 of non-recurring 
profit from sale of patents and proprietary information rights to 
a British affiliate, Telegraph Condenser Company, Ltd. Net per 
share amounted to $3.40, including $0.55 for the non-recurring 
item, and was figured on 1,433,449 shares outstanding at year end. 
This compares with $2.61 in 1959. Dividends paid totalled $1.20 
in cash plus 2% in stock, the same as the previous year. 


Alloys Unlimited, Inc., of Long Island City, N.Y. and Cam- 
bridge, Massachusetts, announced the acquisition of Veritron 
West of North Hollywood, California, manufacturers of glass-to- 
metal seals used in semiconductor devices, relays, transducers 
and other electronic components. 


Johnson & Hoffman Manufacturing Corporation, Mineola, Long 
Island, N.Y., a manufacturer of precision stampings and deep 
drawn parts, has purchased the inventory, machinery and equip- 
ment of the Stamping Division of The Fred Goat Co., Inc., 
Brooklyn, N.Y. 


The New York Air Brake Company, New York, N.Y., recently 
announced that it had acquired Feedback Controls, Inc., Natick, 
Massachusetts, designers and manufacturers of servo components 
and systems, and electronic computation equipment. 


Loral Electronics Corporation has announced that it is nego- 
tiating for the acquisition of Accurate Specialties Company, Inc., 
Hackensack, N.J., a developer and producer of high purity metals 
and ceramics for the electronics industry. 


New Firms 


Semtech Corp., has been formed in Newbury Park, Calif., to 
develop, manufacture and sell semiconductor power handling 
devices including power rectifiers. The firm is located in a 
20,000-square-foot building. 


Diotran Pacific, Palo Alto, California, has recently been estab- 
lished. The firm will concentrate on the design, development 
and manufacture of a broad cross-section of production and test 
equipment for semiconductor manufacturing. 


Expansions 


Alpha Metals Inc., Jersey City, N.J. has broken ground for a 
10,000 square foot facility to adjoin its main plant. The addition 
will be used to bolster production of semiconductor alloys. 


Semi-Alloys Inc., Mount Vernon, N.Y. has moved into its new 
10,000 square foot plant. This will enable the firm to expand its 
stamping processes as well as house equipment for a planned 
development project on thermoelectric materials. 


Eagle Picher Co., is moving its electronic metals and com- 
pounds plant to a 20,000 square foot facility near Miami, Okla. 


Merck and Co., Ine. has started construction of a full-scale 
plant in Danville, Pa. for production of epitaxial silicon wafers 
and a pilot plant for epitaxial germanium wafers. This will 
bring their total plant investment in semiconductor materials to 
$7 million. 


National Semiconductor Corp., Danbury, Conn. has leased an 
additional 13,000 square feet to be used for executive offices and 
for research and development on its line of precision transistors. 

(Continued on page 68) 
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Beaded Leads & Glass Seals 


\\Z 


Beaded leads and glass seal sub-assem- 
blies used in the manufacture of glass 
diodes are available from Electronic Glass 
and Ceramic Corporation, a division of 
Alloys Unlimited, Inc. Both moly and 
dumet studs with hard glass packages 
can be supplied. The sub-assemblies are 
being produced to fit individual diode 
manufacturers specifications on the latest 
automatic equipment. 

Circle 104 on Reader Service Card 


Power Supply 


An associated instrument, Type 125 
powers from one to four Tektronix Type 
122 Preamplifiers. It provides three dif- 
ferent regulated supplies to these pre- 
amplifiers thru octal interconnecting 
cables. Output voltages include: +4135 
volts de at 0-to-20 milliamperes +3%, —90 
volts de at 0-to-20 milliamperes +3%, —6 
volts de at 0.7-to-4 amperes +5%. Dimen- 
sions are 1034” high x 414” wide x 131%” 
deep. Weight is 1442 pounds. 

Circle 102 on Reader Service Card 


Semiconductor Capacitance Test Set 


Dynatran Model 1827 C,,, Test Set pro- 
vides direct meter readings of the col- 
lector capacitance of transistors with 
ranges of 0-3, 0-10, 0-30 and 0-100 uufd 
full scale. The instrument has an accu- 
racy of 5% and can also be used to meas- 
ure the capacitance of diodes when re- 
versed biased. 

Circle 148 on Reader Service Card 


Ultrasonic Cleaning Solutions 


L & R Manufacturing Company an- 
nounces the development of three spe- 
cialized cleaning solutions for a wide 
range of ultrasonic applications. #222 is 
a waterless, ammonia-free solution that 
was especially formulated for cleaning 
operations where the use of ammonia 
would not be chemically desirable. #112, 
(ammoniated), is ideal for the removal of 
a wide variety of foreign particles from 
precision metal parts, instrument com- 
ponents and assemblies, transistors, etc. 
Hydro-Sonic Cleaning Solution Concen- 
trate, when diluted with seven pints of 
water, will produce a gallon of water base 
ultrasonic cleaning solution capable of 
instantly removing all water-soluble 
soils, fingerprints, lapping compounds 
and cutting oils, etc., from metal, glass 
and plastic. 

Circle 113 on Reader Service Card 
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New Products 


Silicon Transistors 


Company has an- 


Electric 
nounced eight new silicon mesa transis- 
tors, JEDEC types 2N497, 2N497A, 2N498, 


General 


2N498A,  2N656, 2N656A, 2N657 and 
2N657A. Although designed for medium 
power applications (4 and 5 watts aver- 
age continuous dissipation, maximum, 
with a case temperature of 25°C), the 
“A” versions will dissipate 20-watts peak 
power at 25°C with a pulse width of 
0.8 milliseconds. They have a low maxi- 
mum saturation resistance of 10-ohms as 
compared to the non “A” versions’ maxi- 
mum of 25-ohms. Base input resistance 
is 200-ohms, maximum, versus the non 
“A” versions’ 500-ohms maximum. 
Circle 114 on Reader Service Card 


Bottle For Reagent Acids 


The J. T. Baker Chemical Co. has de- 
veloped a new “Shure-Grip” 5-pint bottle 
for reagent acids, incorporating a finger- 
fitted jug-type handle to provide a safe, 
sure grip when lifting, pouring or carry- 
ing. The index finger grips the contoured 
handle opening with firm no-slip control 
while the thumb and third finger lock 
naturally into a safe comfortable posi- 
tion. The bottle also features the dripless 
pouring sleeve which helps achieve max- 
imum safety when pouring. 

Circle 103 on Reader Service Card 


High Speed Switching Transistor 


Philco’s new 2N779A MADT transistor 
features ultra-high speed with very low 
saturation voltage. Saturation voltage is 
specified to be between .055 v and 125 v 
at —10 ma collector current. It switches 
10 ma of current in a circuit having a 
gain of 10 in a total switching time of 
52 manoseconds. Saturation voltage 
spread and base voltage spread are both 
controlled to less than .07 volts. The de- 
vice’s capabilities are significant for com- 
puter applications. 

Circle 100 on Reader Service Card 


Silicon Zener Diodes 


Standard Rectifier Corp., has announced 
pilot production of 250 watt silicon Zener 
diodes which will be available in the 
6 to 30 volt range with typical dynamic 
impedance of the higher voltage units 
being .06 ohms and lower voltage units 
to be considerably less. They are avail- 
able in stud and flange mounted pack- 
ages. Applications include systems surge 
protection, power supply regulations, and 
laboratory work. 

Circle 128 on Reader Service Card 
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Silicon Oxide Capacitors 


A new type of electric condenser usi 
semiconductor principles was recently 7 
troduced by Sprague Electric Co. 7 
device uses silicon oxide as the dieleciq) 
material. It is expected to find wide </ 
plication in digital computers and ot# 
electronic equipment requiring extreil 
stability of capacitance. The new capa: 
tors will be marketed under the nex 
OXSIL. Other features include a wiv 
operating temperature range up 
300°F, high insulation resistance, low da: 
sipation factor, and extremely low ses 
inductance. Units are being furnished 
both radial and axial lead wafer desig4 


Type 10K and 11K. 
Circle 110 on Reader Service Card 
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Vacuum Pencils 


Kulicke and Soffa Vacuum Pencils ha: 
been developed for simple efficient ha 
dling of miniature dice and full-sis 
wafers in semiconductor and _transists 
manufacturing. Two different types a 
available: Model 650-V, knee and/| 
hand actuated valve type designed 
pick up minuscule particles (dice) utili 
ing any one of four interchangeable tip 
Model 652-V_ finger-aperture  actuat: 
valve type designed with two _ intel 
changeable tips, has suction cup tips f 
larger articles (wafers). 
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Heat Sink 


Latest addition to Hunter Tools’ line 
electronic assembly tools is the #5: 
Heat Sink which clips onto any sma 
wire and dissipates heat while solderim 
Illustration shows a Hunter Heat Si 
protecting a delicate diode semiconduct: 
while soldering operation is being pe 
formed. Model illustrated is larger 
three available models with an overe 
length of 24%”. Smallest model is only 
in length. 
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Soldering Washer 


A demonstration of how to solder > 
transistor can and header together so 
to get maximum surface-to-surface cow 
tact and complete peripheral fluxing 
these closely-fitting parts was recent 
shown by Alpha Metals, Inc. Involvin 
an Alpha flux-filled washer consisting | 
a layer of flux sandwiched between 
layers of solder, the process is especial 
effective when used with induction hea 
ing devices. Flux-filled washers relea: 
the flux for instant action around the e 
tire periphery of the solder part, maki 
the soldering operation positive and e} 
fective. 

Circle 117 on Reader Service Card 


; izontal Zone Refiner 


'new horizontal zone leveler has been 
founced by Lindberg Engineering 
apany. Type RHR2-1Z23 is a com- 
ely packaged unit specifically de- 
‘ted for applications such as zone lev- 
éig of germanium bars up to 18” long. 
itionally, this particular type of fur- 
we design lends itself to epitaxial 
@wth along with straight diffusion 
#ecesses. The furnace has a maximum 
M@rating temperature of 1093°C. The 
Gmber is 3” long and is heated by two 
"g type nichrome heating elements 
fich provide a uniform heated length 
91” at plus or minus 2.0°C. 

Circle 120 on Reader Service Card 


tra-Fast Switching Transistor 


Yevelopment of an _ ultra-fast silicon 
itching transistor has been announced 
Sylvania. The switching capabilities 
the new device have been achieved 
combining the advantages of mesa 
truction with epitaxial manufactur- 
techniques. Designated Type 2N783, 
small signal device has a maximum 
-on time of 16 nsec. and turn-off time 
30 nsec. for a total switching time of 
ily 46 nsec. in a 2N706A test circuit with 
andard conditions. 

Circle 111 on Reader Service Card 


ge Test Instrument 


A new surge test instrument that per- 
1its surge testing of silicon rectifiers in 
eccordance with JAN specifications, is 
nnounced by Wallson Associates, Inc. 
he self-contained, portable unit, Model 
20, permits surge testing with currents 
ontinually adjustable from 25 to 630 am- 
eres peak. It features single half-wave 
inusoidal pulse output; syne and cali- 
rated output monitor for oscilloscope 
isplay; and provision for sequential 
esting. Monitoring sensitivity is 1 MV 
er ampere; monitoring accuracy is 
fithin 1%. Syne output is 10 volts posi- 
ive; power input is 208-230 volts a-c, 
) eps. 

Circle 109 on Reader Servic Card 


ilicone Rubber 


A free-flowing fluid silicone rubber that 
ulcanizes in sections of unlimited thick- 
ess at room temperature has been an- 
ounced by Dow Corning Corporation. 
ilastic RTV 601 rubber requires only the 
ddition of a catalyst and 24 hours time 
9 set up into a rubbery solid. Cures 
vithout heat, pressure or moisture, even 
mder totally confined air-tight condi- 
ions. Variations in thickness have no 
ignificant effect on curing rate and uni- 
ormity, according to the company. 
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Planar Epitaxial Transistor 


Fairchild Semiconductor Corporation 
has introduced a planar epitaxial tran- 
sistor, the 2N914. This new device makes 
use of both planar and epitaxial tech- 
niques, and is basically a high perform- 
ance logic transistor with driver capa- 
bilities. It has a collector saturation 
voltage of 0.18 volts maximum at 10 ma 
collector and 1 ma base current. At 200 
ma collector, 20 ma base current the 
transistor has a maximum saturation 
voltage of 0.7 volts. 

Circle 129 on Reader Service Card 


Lead Sulfide Photocells 


New developments in the semiconduc- 
tor field have enabled Cetron Electronic 
Corp., to offer a complete line of Lead 
Sulfide infrared cells. These subminiature 
all glass hermetically sealed cells are en- 
vironmentally stable, with pins for socket 
mount or flexible leads. They are now 
being used, or are adaptable for use, in 
such equipment as electronic computers, 
temperature measuring devices, infrared 
communications apparatus and solar tem- 
perature computers. 

Circle 101 on Reader Service Card 


Silicon “Stabistors” 


Nine types of silicon ‘‘Stabistors’” are 
now available from the Semiconductor 
Division of Hoffman Electronics Corpora- 
tion. In power dissipation, they range 
from 200 milliwatts to 10 watts. They are 
particularly suited for meter protection, 
temperature sensing, base clamping, sta- 
bilized transistor bias, signal limiting, and 
transistor emitter. varistor applications. 
JEDEC types 1N912, 1N912A, 1N913, and 
1N913A and Hoffman Types HS-1 and 
HS-2 are encased in the rugged 500 mil- 
liwatt “glass” package. Type HS-3, a 
Silicon Junction Diode, is encased in the 
MI Case, Type HS-4 (1 watt) is encased 
in the MIA case, and type HS-5 (10 
watt) is packaged in the SIE case. 

Circle 115 on Reader Service Card 


Heat Radiator 


eel i 


aha Hetad i ft 


A new Birtcher heat radiator No. 3AL- 
724 for transistors with TO-18 packages 
is designed to increase transistor effi- 
ciency 25 to 27% and prevent thermal 
runaway. Material is aluminum per QQ- 
A-268 and anodize per MIL-A-8625. The 
8-finned radiator’s base can be tapped for 


either vertical or horizontal mounting on. 


printed circuit boards or metal chassis. 
The radiator is slotted through the 
mounting hole to allow for case diameter 
variations. 

Circle 107 on Reader Service Card 
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Induction Heating Generator 


A generator has been introduced by In- 
duction Heating Corporation which offers 
a common work-coil and two frequencies 
to provide research personnel with a 
convenient way of investigating the ef- 
fects of frequency on zone refining. In 
this new design the common single turn 
work-coil can instantly be switched from 
300 ke to 7 me. A saturable reactor is 
utilized for output control, with provi- 
sion for manual or automatic operation. 
The generator will serve in practically 
any induction heating process. 

Circle 118 on Reader Service Card 


Thermistor 


A new positive-temperature-coefficient 
thermistor has been announced by The 
Carborundum Company. This thermistor 
fills the need for temperature compensa- 
tion, sensing and control in many appli- 
cations that include transistorized cir- 
cuitry, crystal ovens, etc. A life test re- 
cently in progress @ 150°C showed no 
change in resistance after 500 hours. 

Circle 141 on Reader Service Card 


Temperature Controlled Ovens 


Monitor Products Company recently 
announced a complete line of 87 dif- 
ferent design temperature’ controlled 
ovens to hold erystals, diodes, transistors, 
and many other electronic components. 
The company states these ovens have 
stabilities to +.003°C, high reliability, and 
meet MIL specs. The company further 
states that in addition to their 87 stand- 
ard ovens, many special ovens are avail- 
able with or without modifications to fill 
the needs of any temperature control 
problems encountered by the design en- 
gineer. 

Circle 131 on Reader Service Card 


Semi-Automatic Test Equipment 


A new system for high speed testing 
of electronic components has been intro- 
duced by General Precision’s Librascope 
Division. Called SATE, for Semi-Auto- 
matic Test Equipment, it will evaluate 
components for combinations of ten 
parameters and accept or reject each at 
a machine rate of 1800 components per 
hour. Each module in the electronic con- 
sole controls one of ten test stations in 
the mechanical handling console and is 
provided with controls for setting test 
conditions and establishing parameter 
limits. 

Circle 122 on Reader Service Card 
(Continued on page 69) 
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Carbon Resistor 


PERECO Tube FURNACES | 


5000° Ft ACCURATE | FAIL-SAFE | 
with : : interlocked 
precision - Feta firing : protective 
controls schedules devices 
I i 
=—— ee eee ee ee ae SS er ey ( 

RAPID 1 VERTICAL == }—sSATURABLE si 
HEAT-UP : or : CORE 

widely t HORIZONTAL ! REACTOR 
variable - designs : system 


Write Today for ranges of sizes and informa- 
tion on how one of these units 
can be adapted to your high temperature work. 


PERENY EQUIPMENT Co., Inc. 
Dept. M, 893 Chambers Road 
Columbus 12, Ohio 
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MICRO-MINIATURE 


COMPONENT 
scr MP RUS for resistors, diodes, 


capacitors, transistors. Serial num- | 
bers, color stripes, insulator wraps. 

Complete ... legible . . . posi- 
tive. Self-sticking. Hundreds of 
stock markers. Specials to 
order. 


AUTOMATICAULY 
ANPPUIED «wr unm 


Automatic Marking Machine. Wraps or flags wires or components 


with Brady Markers at speeds to 1000 per hour. Accurate. Easy 
to operate. 


Write for information and free Micro-Miniature Markers samples: 


W. #H. BIRIAIDIY| CO., 791 W. Glendale Ave., Milwaukee 9, Wis. 


Manufacturers of Quality Pressur re-Sensitive Industrial Tape Products, Self-B 
ty bety du codes Nameplates, 
Automatic Machines for Dispensing Labels, Nameplates, Masks and Tape : EST 1914 
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| thickness is determined priicepally by the viscosity ot 
| the electrolyte, separates and automatically main 
| the semiconductor at a relatively constant distance fro 


' used for the electropolishing of germanium and dilut 
| hydrofluoric acid is used for silicon. For n-type material, 
_ either germanium or silicon, it is desirable to illumina 


Industry News (R&D) | 
(from page 62) 


and germanium, such transistors could be expected t 
operate at substantially higher frequencies and tem. 
peratures. Using a modified process, the company pfo- 
duces 600 to 800 gram polycrystalline gallium arsenid 
ingots in lengths up to 15 inches, with grain sizes in the 
centimeter range. For tunnel diodes and microwave di- 
odes, polycrystalline gallium arsenides doped with zi 
cadmium, manganese, germanium, platinum, tin, sulph 
selenium, tellurium, antimony and lead are offered. Th 
doped products have carrier concentrations ranging fro 
1017 to greater than 102° per cm’. 


A new electrochemical technique for rapid, scratch- 
free polishing of germanium and silicon wafers for tran- 
sistors was recently revealed by M. V. Sullivan of Be 
Telephone Laboratories, Murray Hill, New Jersey. On 
of the major problems in the manufacture of transistor. 
is maintaining an undamaged surface on the semicon- 
ductor slice used for the active element of the device 
When there are deep scratches from lapping and polish 
ing, the etchant cannot remove all the damage, and poor 
quality transistors result. In contrast, electrochemie 
polishing does not introduce new damage during proc- 
essing. 

In the technique Mr. Sullivan described, semicon 
slices are mounted on a nonconducting disk. After elec= 
trical contact is made to the slices, they are placed on @ 
polishing wheel over which an electrolyte flows. When 
the polishing wheel rotates, a film of electrolyte, whose 


the wheel. Dilute potassium hydroxide is the electrol 


the semiconductor surface during electroetching. 

The smoothness of the surface obtained by this meth 
is apparent through study of photomicrographs of com 
parative surfaces. A mechanically polished surface show 
distinct scratches when magnified 500 times. Thes 
scratches are caused by broken pieces of abrasive an 
semiconductor, which are ground into the face of th 
polished slice. On the other hand, semiconductor slice 
polished by this new technique show no texture that 
can be associated with surface roughness even under 
electron-microscope examination at 53,000 power. 


A new, efficient device for converting electrical energy 
into ultrasonic energy and vice versa at microwave fre- 
quencies was described by D. L. White of Bell Telephone: 
Laboratories. The device is a piezoelectric transducer: 
utilizing a semiconductor depletion layer. It is expected! 
to be employed primarily in ultrasonic delay lines where: 
its operation at high frequencies and wide bandwidths : 
will make it possible to store large amounts of informa-- 
tion. Another possible use will be as a tool for studying | 
the acoustical properties of materials at higher ultrasonic ‘ 


| frequencies. It is anticipated that large amplitude ultra-| 


sonic waves can be generated in materials at microwave | 


_ frequencies and also extremely weak waves can be de-| 


tected with greater efficiency than with existing trans-| 
ducers. : 


(continued on page 69) 
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ARE YOU GETTING ALL “BIG 10” 
ADVANTAGES IN YOUR TEMPERATURE 
CONTROLLERS? 

(Use this check-list) 

No vacuum tubes 


Solid-state. Free from warm-up, tuning and com- 
plicated circuitry. 


| 2 ) Full-time true temperature indication 
Indicated on mirrored anti-parallax scale. 


Yy Sealed plug-in meter unit 
Dustproof. No special shipping case required. 
4 )Two pilot lights 
Indicate both heating and cooling. 


(s) Compact size: 6%” H x 712” W 


Mount more in less space. 
Provisions for optional wiring in every instrument 
» 


For 120, 240 or 208 volts — 50 or 60 cy. Wired 
from the front. 


Interchangeable control modes 
Change chassis for off-on, proportioning, etc., 
control. 


(8) Thermocouple break protection 
In every instrument at no extra charge. Shuts off 
heat if thermocouple breaks or burns out. 


Protected temperature setting knob 
Guarded against accidental movement. 


Optional instrument housings 
Complete instrument plug-in or explosion housings 
available. 


You get all of the “Big 10” advantages with 
any Gardsman controller by West, plus proved 
reliability and minimum maintenance... all at 
prices you'll find surprisingly low. Ask your West 
representative for full information. He’s listed in 
the yellow pages. Or write direct for Bulletin COM. 


WEST bitumat 


CORPORATION 


SALES OFFICES IN PRINCIPAL CITIES 
FACTORY AND GENERAL OFFICES: 


4353C W. MONTROSE, CHICAGO 41, ILL. 


BRITISH SUBSIDIARY: 
WEST INSTRUMENT, LTD. 


52 Regent St., Brighton 1, Sussex 
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ONE use ror (MO1UM@ 
.. there are ¥ more! 


THIS IS 


“Indalloy” Intermediate Solders, manufactured exclusively 
by the Indium Corporation and used extensively in printed 
circuit work, are noted for their wettability (with metallic 
AND non-metallic surfaces), their corrosion resistance, and 
their help when special temperatures are important. 


Indium solders assist flowability and workability. Adhering 
readily to many varied surfaces, these solders can be tailor- 
made for special application. Perhaps you have a need for 
Indium in solder, spheres, pellet, powder, wire, ribbon or 
metal forms. Write our research department today... we're 
glad to help! 


INDALLOY SOLDERS 


adhere to: 


VG 


ORDER 
YOUR 
COPY OF 


“INDIUM” 


Published privately, this valu- 
able reference book is a “must” 
in research. 


@ 770 pages 

®@ 91 drawings, diagrams, 
photographs 

®@ Annotated bibliography 


$10.00 per copy 


© 26 metals, alloys 


@ 21 thin metal 
films 


® 18 non-metals 


FREE SOLDER BOOKLET... 


Write Dept. M-6 for new 
Indium bulletin: “INDALLOY” 
Intermediate Solders. 


THE 


CORPORATION OF AMERICA 
1676 LINCOLN AVENUE * UTICA, NEW YORK 


Since 1934... Pioneers in the Development and Applications 
of Indium for Industry. 
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Market News 
(from page 63) 


Allen-Jones, Inc., Long Beach, California, has announced t! 
formation of a new Semiconductor Materials Processing Divisio, 
to provide the electronic and semiconductor industry with serve 
ice for slicing, lapping, dicing and the ultrasonic cutting ¢ 
custom shapes from silicon, germanium, ceramics and 3-5 co 
pounds. 


TI expanded all phases of its international operations durin: 
1960. Overseas plant capacity was increased by nearly 200,0% 
sq ft, including completion of a new 132,000 sq ft plant at Bec f 
ford, England for the manufacture of semiconductor devices fx 
marketing primarily in the United Kingdom. A new subsidiary, 
company was established in France to manufacture semiconduc§, 
tors for marketing within the European Common Market. 


ERRATUM 


In our February 1961 Market News section on page 55 of tha’ 
issue, under the heading of “Expansions,” we published an iter 
about the reorganization of Tang Industries, Inc., Natick, Mass 
The wording of this story gave the erroneous impression thai 
Tang is engaged in semiconductor device manufacture. Th 
corporation does not presently nor intend to in the future manu- 
facture diodes, transistors or rectifiers, and is in fact entirely 
devoted to serving the semiconductor device manufacturer. In ani 
effort to correct the previous misinterpretation, and to clarify this 
company’s facilities for our readers, we are publishing a descrip-i 
tion of their operation. 


Tang Industries, Inc. of Massachusetts (recently renamed Tan 
Semiconductor Materials, Inc.) and Integron, Inc. of Waltham, 
Mass. are subsidiaries of Tang Industries, Inc. of Delaware. 
Tang Semiconductor Materials, Inc. has been supplying silicors 
and germanium material in ingot and fabricated form to the 
Semiconductor, Infrared and Strain Gauge industry for over two 
years. This is strictly a materials company working to customers” 
specifications, specializing in controlled dislocations and resistiv— 
ities. It is constantly involved in development work, but not o 
diodes, rectifiers and transistors. The development work is con= 
fined to improving methods of growing, slicing, lapping an 
polishing the materials; so that they can continue to supply 
product of quality to the Semiconductor Industry. 

Integron, Inc. was acquired by Tang Industries, Inc. of Delawar 
in August, 1960. Integron, Inc. is made up of four divisions, whick 
are as follows: 


Engineering Service Division: 
This division has been supplying technical assistance to Electronic! 
Industry and prime government contractors for over ten years. 
They are staffed with electronic, electrical and mechanical engi- 
neers, designers, draftsman and checkers who are capable of 
taking a project from the design stage to manufacturing in their 
own plant, or loaned out to companies to supplement their engi- 
neering departments. 


Equipment & Manufacturing Division: 


This division designs and builds automatic controlled production? 
equipment, primarily for the Semiconductor Industry. 


Systems & Instrumentation Division: 
This division is divided into two departments. One department | 


has been in the design, development and manufacture of Anti- - 
Submarine Warfare and Underwater Systems and instrumentation | 
for approximately ten years, working to custom specifications for ° 
the major government agencies. | 
The other department is engaged in intensive research and devel- | 
opment on semiconductor strain gauges and other energy con- 


version products. Some of these projects, such as the strain gauges | 
are now being produced to customer specification. 


Semiconductor Application and Processing Division: 


This division is a research and development group, developing | 
techniques in using new materials for the semiconductor industry, 
for example, intermetallic materials such as indium antimonide 
and gallium arsenide. For the last six months this division has 
been vigorously engaged in research and development on silicon 
and germanium epitaxial wafers. They are now supplying these 
wafers to the industry on a production basis. In conjunction with 
the aforementioned projects they are actively engaged in develop- | 
ing micro-electronic circuitry by applying epitaxial techniques. 
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istry News (R&D) 
m1 page 66) 


bie depletion layer transducer has several advantages 


n transducer. With a highly efficient transducer, 
pll electric signals can generate ultrasonic waves and 


t 
wy weak ultrasonic waves can be detected. 


) The thickness of the layer, hence the resonant fre- 
ney of the transducer can be varied by varying the 
bias voltage. This adds great flexibility to its use. 
nventional piezoelectric transducers do not have this 
ure.) 


) Present models measured at 600 mc have a band- 
ith of 5% (30 mc), an order of magnitude larger than 
ical ceramic transducers, operating at frequencies be- 
} 10 mc. This means that a comparable increase should 
pexpected in the amount of information which can be 

mitted. It is expected that, with operation at higher 
quencies, even wider bandwidths can be achieved. 


14) The transducer is relatively simple to make and 


om page 65) 


msistor Heat Dissipator 


Accel Electronic Products’ Uni-Mount 
a 7 to 10 watt power transistor heat 
sipator. It is a small-sized improved 
ans of mounting large round and dia- 
md shape (TO3, TO6) power transistors 
th both transistor and electrode con- 
ctions on the same side of the mount- 
; wall. It removes transistors from out- 
e equipment cabinet to inside out of 
ht, eliminating accidental short cir- 


iting, impact damage and _ potential Automated 


Automatic Switching Time Tester 


testing of manosecoud 


with 
DURAMIC 
tooling 


Duramic tooling offers semiconductor manufac- 
turers a proven non-wetting alloying and solder- 
ing boat material, with greater wear resistance, 
exceptional dimensional stability, and cleanliness. 


Ask for Bulletin 117...Send prints for quotation. 


PRODUCTS, INC. 


426 Commercial Avenue, Palisades Park, N. J. Windsor 7-0310 
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Silicon Controlled Rectifiers 


Tyco Semiconductor Corporation has 
announced the availability of silicon con- 
trolled rectifiers with average forward 
current handling capacities up to 16 am- 
peres at 65°C. Types 2N681 through 2N689 
comprise the 16 ampere series and types 
2N1842 through 2N1850 complete a 10 am- 
pere product line. Both series feature 
peak reverse voltage ratings to 500 volts, 
low forward voltage drops (2.2 volts max- 
imum at 16 amperes measured at —65°C 
for the 2N681 through 2N689) and uni- 
form gating characteristics. 


Circle 127 on Reader Service Card 


Bonding Machine 


zards. 
Circle 139 on Reader Service Card 


lly Passivated Micro-Matrices 


ficroSemiconductor Corporation re- 
tly announced the availability of sili- 
1 micro-matrices, fully-passivated, 
mmon, active substrate diode arrays, 
signed to customer-specified geometry, 
ep, electrical and contact requirements. 
echniques are used in these structures 
produce a micro-size silicon matrix 
it will withstand long term storage at 
°C without degradation. This enables 
tems engineers and circuit designers to 
end significantly the exploration of 
cro-electronics by developing their own 
cuits on active substrates. 
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switching devices and circuits is possible 
with the Model 400 Series Automatic 
Switching Time Test Set manufactured 
by Lumatron Electronics, Inc. Rapid, ac- 
curate measurements from 0.5ns to sev- 
eral microseconds can be made at rates 
up to 3600 tests per hour. Risetime, fall- 
time, storage and delay characteristics 
are read directly on a meter with an ac- 
curacy of better than 5%. In addition, 
the test results can be converted to digi- 
tal information, permitting automated 
readout. The instrument is particularly 
adapted to measure transistor switching 
parameters. However, the switching times 
of other devices such as tunnel diodes 
and computer circuits can also be meas- 
ured automatically. 
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Electroglas Inc., announces Model SP-2 
thermal-compression nailhead bonding 
machine. This unit is complete with mi- 
croscope, illuminator and temperature 
control unit. A single micromanipulator 
controls both gold wire positioning and 
bonding cycle. The machine is fully auto- 
matic with precise time and temperature 
control. An automatic cutting torch in- 
sures gold ball uniformity. Wire sizes 
down to .0005” diameter have been bonded 
to silicon and metallized surfaces of mesa 
transistors and micrologic elements. 
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COMPOSE 
[NDUSUIRIAL 


METALS. 


CLAD METALS FOR T 
SEMICONDUCTOR INDUS 


CIM’S new exclusive Solid Phase Cladding 
processes are providing to engineers the world 
over, clad metal combinations heretofore 
unobtainable. Through advanced technology 
and production techniques, CIM directly and 
metallurgically bonds wrought metals and 
alloys, assuring extremely close tolerances on 
dimensions and cladding ratios. Custom made, 
high purity alloys doped with As, Al, In, Sb, 
Ga, Si and Ge are produced by CIM and are 
available in clad or solid form. CIM’S tech- 
nology and rigidly controlled facilities enable 
our firm to guarantee you clad metals of ultra 
high purity. 


COMPOSITE INDUSTRIAL METALS, Inc 


235 Georgia Avenue, Providence 5, Rhode Island 


: 
‘ 


g 


Where 
purity 
and 
product 
is 


‘paramount 


CiM is prepared to pro- 

duce flat, burr-free 

parts in clad or solid 
metals for your semi- 

conductor needs. Write 

for our informative and 

detailed brochure. 
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Photocell 


A new type of Photocell, the Photri 
has been introduced by Solid State Pr 
ucts, Inc. It offers useful properties - 
many types of electro-optical control = 
tems and is a highly efficient light-ac 
ated p-n-p-n Silicon Switch, having 
very high impedance (over 10 megohnat 
when “off” and a very low impede 
(under 10 ohms) when triggered “on” 
light. Its output is determined primar 
by the load and is independent of lig 
input at all intensities above the trigg 
ing level. Although miniature in 5 
(185 dia. x .200 long), it can deliver | 
to 300 mA load current at up to 200 ve 
with an efficiency exceeding 98%. 
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Diode Tester 


Trans Electronics, Inc. has introduce 
an advanced model of its highly sensiti 
diode tester, with expanded capabilitii 
in the semiconductor low current a 
high voltage ranges. The DT 924 iss 
back-current and_ saturation volta 
tester with meter ranges of 0 to 30 
volts, 0 to 3000 microamps, and 0 to 30 
milli-microamps. This unit provides re" 
ulation of better than 0.1%; ripple 
noise, 0.05%. Output current is 0-1 
output voltage, 0-3000 volts. 

Circle 121 on Reader Service Card 


Silicon Transistor 


2N697A, a new ultra-versatile silice 
transistor has been announced by Rhee 
Semiconductor Corporation. It is said 
combine very fast switching with exce 
lent amplifier characteristics, making 
possible to specify one type for bos 
applications. For amplifier applications # 
has excellent beta levels guaranteed 
eight points. Other features include 
watt power dissipation and guarante 
small signal parameters. RT697A (M), a* 
nounced at the same time, provides t 
same combination of electrical characte 
istics in the high efficiency Microbld 
package. 
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Heat Sinks 


= 


A new series of small, light naturé 
convection transistor heat sinks whic 
provide maximum heat dissipation an 
being manufactured by Astro Dynamic! 
Inc. Developed to satisfy the needs of th 
electronic engineer concerned with th 
reduction of space and weight in the de 
sign of component boards for computer! 
Model 2700 series substantially increas 
transistor performance by optimizing th 
effect of the heat transfer coefficier 
available in free convection. Thermal Re 
sistance: #2701—28°C/Watt; #2702—23°C 
Watt; #2703—18°C/ Watt. 
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CURRENT GOVERNOR 


Model C$ 120 


1 Constant Current 


e High Voltage Current Source 
e Peak Inverse Voltage Tester 
e Diode Life Test Unit 


ability 
Excellent S : pose ulation Featute 


For testing and measurement. of 
diodes, transistors, rectifiers, ther- 
mistors, electrophoresis, other cur- 
rent sensitive devices. 


@ Current Range is 0.1ua to 10ma 
with 5 decade-digital in-line 
readout 

@ Regulation 0.05% 

@ 0-2250 volts 


In use by leading companies for diode PIV 
test, diode life test, dynamic impedance test. 
Literature describing this and other 


constant current sources from 0.1ya to 
30 amp. may be obtained from 


NORTH HILLS 


ELECTRIC COMPANY, INC 
402 SAGAMORE AVE., MINEOLA, N.Y. Pioneer 7-0555 
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NEW 
SERVICE NOW 
AVAILABLE 


SEMICONDUCTOR PRODUCTS is making 
a new source of information available to 
all firms interested in being kept up to 
date on materials or equipment for pro- 
ducing semiconductor devices. If you wish 
to receive all new literature on silicon, 
germanium, chemicals, machinery, or 
other such materials, circle #99 on the 
reader-service card. Your name will be 
placed on a special list which will be for- 
warded to all such suppliers. As these 
suppliers have news available in their 
field, you'll be notified by them immedi- 
ately. This service is restricted to firms 
manufacturing semiconductor devices or 
firms contemplating entering into produc- 
tion within 120 days. 


: 
: 


Transistor Heat Sinks 


A simple aid to increased reliability and 
efficiency of transistorized military and 
industrial devices is offered by transistor 
dielectric heat sinks now available from 
National Beryllia Corporation. Used to 
insulate semiconductor devices from the 
chassis, these heat sinks utilize beryllium 
oxide’s ability to resist the flow of elec- 
tricity but not the flow of heat, allowing 
higher power without exceeding temper- 
ature limits. In addition to electrical re- 
sistivity exceeding 10" ohm-cm and ther- 
mal conductivity equal to that of 
aluminum, Berlox heat sinks have ex- 
tremely-low dielectric loss (ess than 
.0008) over the entire frequency range at 
which semiconductors are applied. 
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Lead Bonding Machine 


A new thermal compression lead bond- 
ing machine for semiconductor manufac- 
turing is announced by Diotran Pacific. 
The lead bonder provides fast, accurate 
bonding of gold wire to semiconductor 
materials. High precision micro-manipula- 
tion, excellent optical system, and high 
output heater assembly insure one-time, 
positive bonding, substantially reduces 
rejects. Gold wire and wire housing are 
fully protected by gas-filled envelope. 
Built-in, precision flame cutting tip severs 
and “balls” wire cleanly. 
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Electronic Component Coating 


A new, one-component coating espe- 
cially suitable for use on capacitors, re- 
sistors, transistors, diodes, and many other 
electronic components is announced by 
Columbia Technical Corporation. This 
transparent coating, HumiSeal Type 1F19, 
dries at room temperature becoming tack- 
free within thirty minutes and is then 
oven-cured. It is suitable for operating 
temperatures up to 350°F and down to 
—90°F. 
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Ultrasonic Drill 


A new Glennite Ultrasonic Drill, Model 
D-101A, has been introduced by Gulton 
Industries, Inc. Product improvements 
make the new drill almost twice as effi- 
cient in multiple machining, slicing, cut- 
ting and etching operations as the older 
Model D-100A, which it supersedes. The 
new drill will handle tool sizes up to 34” 
on a diagonal. Sample per minute rates 
using this size tool include glass at .200”, 
ceramic .060”, ruby .010”, germanium .050”, 
among others. 
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Shaker Baths 


Any laboratory test requiring precisely 
controlled temperature as well as con- 
trolled agitation can be made with 100% 
repeatability when using a new line of 
stainless steel Shaker Baths introduced 
by Precision Scientific Company. Bath 
temperature range is from ambient to 
100°C with a guaranteed uniformity of 
+0.5°C or better. 
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IMMEDIATE 
OFF-THE-SHELF 


DELIVERY 


DELCO 
RADIO 


POWER TRANSISTORS 
SILICON RECTIFIERS 


CALL JU 2-6380 


HARVEY 
RADIO... 


103 West 43rd St., N. Y. 36, N.Y. 
FOR ALL OF YOUR ELECTRONIC NEEDS 


IN THE FOLLOWING CITIES CALL 
Baltimore, Md. Enterprise 9-6046 
Camden, N. J. .. 


wx 6046 
Cincinnati, Ohio z 
Clearwater, Fla. ..... 
Los Angeles, Calif. . 
Norwalk, Conn. ......... 
Philadelphia, Pa. 
Rochester, N. Y. 
San Francisco, 
California ...... 


Zenith 9-9964 
..Enterprise 6046 
Enterprise 6363 
..Enterprise 6046 


Enterprise 1-6146 


CATALOG SENT UPON REQUEST 
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Lad 


cl 


Floating 


/one 
Scanner 


for refining 
and 

crystal 
growing! 


Ther-Monic offers you precision equip- 
ment possessing an outstanding degree 
of flexibility of control in refining high- 
est purity semi-conductors and various 
other metals. 


Ther-Monic also manufactures pro- 
duction machinery for many other oper- 
ations in the semi-conductor industry. 

Ther-Monic R.F. generators — single 
and dual frequency—are available from 
1 KW to 125 KW output. 


Several thousand induction heating 
installations in numerous industries at- 
test to the efficiency and economy of 
Ther-Monic equipment. 


Write for New 56-page Catalog FZ 


INDUCTION HEATING CORPORATION 
181 WYTHE AVENUE, BROOKLYN 11, N.Y. 


Largest Producers of Electronic Heat Treating Equipment 


Subsidiary of Hathaway Instruments, Inc. 
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Rectifier Cooler 


Wakefield Engineering, Inc. new dus 
purpose semiconductor cooler, Delta 
Model NC-423 offers extremely low thea 
mal resistance per unit volume; witj 
stock models affording .8°C/W with natull 
ral convection and as low as .3°C/W wi 
forced air. Optimum spacing of fins, piul? 
high base conductivity, maximizes eiff, 
ciency. Specially engineered units fal 
high-power rectifier stack designs, wit 
natural convection thermal resistance € 
low as .5°C/W available, eliminating de 
rating of rectifiers and SCRs. 
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Tiny Plating Machine 


A compact plating unit measuring onl; 
30” x 26” x 18” to the work top contain 
all the equipment and features for prey 
cision-plating of jewelry,  electronii} 
parts, specification precious metal pla 
ing, or “pilot plant’ set-ups, according t 
an announcement from The Meake: 
Company, subsidiary of Sel-Rex Corpo) 
ration. A completely re-designed smalle) 
version of this firm’s Jet Plater, the nev 
models are said to permit either barre’ 
or rack plating with any cold alkalin 
solution, and most acid plating solutions 
on a mass-production basis. 
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Dustless Finger Covers 


The Akwell Corporation announces th 
addition of a new Industrial Products Di’ 
vision to make finger cots for contami’ 
nation control for electronic and spac¢ 
industries. Its laboratories developed < 
special process which renders the finge= 
cots “dustless,” a characteristic essentias 
to the cleanliness standards for assem¢ 
bling delicate components like semicon+ 
ductors and other sensitive parts. Fingex 
cots are rubber covers which separately 
cover each finger. They are exceptionally 
thin-walled for finger dexterity and flexi-i 
bility in handling products. 
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Parameter Tester 


Tenco Electronics new h Parameten 
Tester will test the four h parameters off 
any signal transistor to an accuracy ofl 
2%, over wide operating ranges, and ini 
either grounded base or grounded i 
ter configurations. The equipment doe 
not require d-c or a-c rebalancing wee 
switching between grounded base an 
grounded emitter conditions, for all d-c 
circuitry is completely isolated from the 
testing circuits. As a result of this design 
feature, the speed with which transistors 
can be tested is significantly increased. 
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| 


* Semiconductor 


Technology 


rton Company’s Machine Tool Divi- 
1 has purchased the rights to, and will 
in manufacturing, two new machines 
d in the wafering and lapping of semi- 
ductor materials. The Multi-Blade 
fering Machine is designed to cut ap- 
ximately 300 wafers .010” thick from 
gle ingot in one operation. The Four- 
‘ty Lapping Machine produces ultra- 
Wi wafers lapped to extremely close 
srances of thickness and parallelism. 


y he wafering machine consists basically 
a series of very thin steel blades, pre- 
‘ly spaced and under tension, which 
| the ingot with a reciprocating motion. 
Mslurry of silicon carbide or boron car- 
e acts as the cutting medium together 
h the thin steel blades. 


f occupies a floor space only 2x4 feet 
1 is driven by a 4 H.P. motor operat- 
* from any 110 volt, a-c power source. 
cause the operation is automatic, one 
erator can tend several machines. The 
des are .008” thick or less thereby cut- 
g a narrower kerf. The saving in mate- 
‘| is the most important single advan- 
se of the machine because of the high 
st of both germanium and silicon ingots. 


t 

The lapping machine is a table top 
machine, about two feet in diameter 
hich also operates from a 14 H.P. motor 
ym any 110 volt a-c power source. Its 
Rien insures stress free lapping, an im- 
irtant feature in handling very thin and 
ittle materials. There are two models, 
e handling work as thin as .006” and 
fe other designed for lapping to .003”. 
afer breakage due to lapping is practi- 
ly eliminated. Irregular or broken 
Sters can be lapped in the machine 
ithout danger of their sliding under the 
rriers and scratching other wafers 
ping lapped. 
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BACK ISSUES 
AVAILABLE 


1.00 Each 


1958—Jan/Feb; March/April; 
May/June; Nov/Dec. 


1959—Sept, Nov, Dec. 


1960—March, May, June, July, 
Aug., Sept. 


1961—Feb., Mar. 


SEMICONDUCTOR PRODUCTS 


Back Issue Dept. 
300 W. 43 St. New York, N. Y. 
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®@ Semiconductors 


@ Resistors 


Custom Melting, Complete Redrawing, © Potentiometers 
Strand and Vacuum Annealing Services 
for fine wire processing to customers’ 
specifications. ® Electronic Tubes 


®@ Other Electronic 
Applications 


®@ Thermocouples 


WRITE for valuable 
brochure contain- ' 

ing fine wire com- IN 
positions, perti- 
nent properties 
and applications. 


precious, base, exotic 

and special metals 
— bare or 
insulated 


CONSOLIDATED REACTIVE METALS, inc. 


115 Hoyt Avenue — Mamaroneck, N.Y. —OWens 8-2300 
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GALLIUM 


(Purity 99.99 and 99.9999%) 


ULTRA HIGH 
PURITY ALUMINUM 


(Purity 99.999 and 99.9999%) 
Now Available From Consolidated Aluminum Corporation 


Gallium is finding increasing use in compounds in the 
semi-conductor field. Ultra high purity aluminum 
(99.9999%) is in growing demand in a number of areas. 
Both are now available from CONALCO through its 
recently acquired subsidiary, AIAG Metals, Inc. AIAG 
Metals, Inc., is the exclusive United States distributor 
of ultra high purity aluminum and gallium produced by 
Aluminum Industrie, A. G., of Switzerland under the 
most rigid controls. For further information on new 
developments in gallium, please write: 


CONSOLIDATED 
ALUMINUM 
CORPORATION 


General Sales Office, 9 Rockefeller Plaza, New York, N. Y. 


—— 11 ff fh fH Hh Hh 
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glass for your diode 
packages... precision drawn 
to specifications 


— GARNER provides tighter tolerances... 
improved roundness and concentricity . 
squarer and smoother end cuts. 


Parts ultrasonically scrubbed, chemically cleaned, and rinsed in deionized 
water. Shipped ready for your production line. 

Meeting your specifications is insured by continuous inspection, starting 
with raw material. 

Fast dependable deliveries based on large stocks of redraw tubing . 
advanced production equipment, and the ability to move quickly. 


Specializing in the unusual 


The Garner company provides a wide variety of precision glass parts 
to the electronics industry. If your requirements are too precise or 
too unusual for conventional production techniques, Garner may well 
provide the solution to your problems. 


T. H. GARNER Co. 


Serving the semi-conductor industry since 1954 
177 S. INDIAN HILL BLVD., CLAREMONT, CALIF. - NAtional 6-3526 
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Personnel 
Notes 


Dr. Peter I. Pollak has been appoint 
director of the electronic chemicals r 
search department of the Merck Sharp : 
Dohme Research Laboratories, a divisis 
of Merck & Co., Inc. Other research: 
named to the new department inclusj 
Dr. Walter C. Benzing, manager of prov 
ess engineering and metallurgy; John | 
Allegretti, semiconductor technology; 
John B. Conn, thermoelectrics; and © 
William J. McAleer, semiconductel 
chemistry. 


James C. Kershner has been name 
Purchasing Agent by Monitor Syste 
Inc., Fort Washington, Pa., designers an 
manufacturers of advanced high-spee 
electronic data systems for defense an 
industry. 


Edward C. Jones has been named sale 
engineering manager of VecTrol Eng) 
neering, Inc., it was announced by Gir 
bert B. Devey, general manager. VecTr¢ 
Engineering, Inc., a subsidiary of 
Sprague Electric Company, manufactures 
packaged silicon-rectifier control circui 
for use in industrial electrical equipmen: 


Wilbert E. Stevenson, president of Th 
Machlett Laboratories, Inc., a division oC 
Raytheon Company, was elected cha 
man of the board of Trans-Sil Corp 
when that firm became a wholly-owne: 
subsidiary of Raytheon early in Apri 
Louis J. Grennell was also re-elected 2 
president. 


The appointment of Lester K. Suydam 
Jr., aS semiconductor sales engineer fe 
Philco’s Lansdale Division was announce} 
recently. William F. Maher, manages 
semiconductor sales, stated that Mr. Suy 
dam has been assigned to the division’ 
Syracuse, New York Office. 


The appointment of Actor H. Patton a 
director of product development for A 
lied Chemical’s General Chemical Divi 
sion is announced by Frank J. Frenck 
president. 


Allied Radio Corp., Chicago, electroni- 
parts distributor, announces the appoint 
ment of Ronald Kramer as product mer 
chandiser of semiconductors, resistors, ca 
pacitors and special purpose industriasi 
tubes. 


A. H. Jacobson, Jr., has been electec: 
Executive Vice-President and Generas 
Manager of Knapic Electro-Physics, Inc.: 
Palo Alto, California. He was formeltd 
Associate ‘Dean of the College of Engi-i 
neering and Architecture, Pennsylvaniai 
State University, State College, Pennsyl 
vania. 


A. Stanley Nelson, Jr. has been ap+ 
pointed general manager of the newly, 
created division of Alloys Unlimited, Inc.| 
The Electronic Glass and Ceramic Cor4 
poration, Cambridge, Massachusetts. He 
will be responsible for the operation oj 
the entire division whose production wi 
consist primarily of first seal and beade 
lead sub-assemblies used in the manufac- 
ture of glass diodes by the semiconductor 
industry. 


‘ 
i] 
} 
: 


JL&R ULTRASONIC 


/CLEANING SOLUTIONS 
ap oon) 


‘WATERLESS BUTRASONE 3 
INSTROMEST CLEANING kore 


soLunion piles: "roro. sonit 


HL&R #112 L&R #222 we 
@Naterless Ultrasonic Waterless Ultrasonic Hydro-Sonic 


nstrument. Cleaning Instrument Cleaning Cleaning Solution 
olution (Ammoniated) Solution (Ammonia-free) Concentrate 


are Specific! 


We'll prove it! Send us small parts you find difficult 
to clean for test cleaning in our laboratory. We will 
do the job and return the cleaned parts to you, together 
with a recommendation for the right L&R cleaning solution 
which you can use in your ultrasonic cleaning equipment. 
For over 30 years L&R has been a world leader in precision 
= cleaning for the watch and instrument fields. This experience 
» is at your disposal. Or write for a copy of our latest 
catalog describing L&R’s ultrasonic cleaning and rinsing 
solutions and ultrasonic cleaning equipment. 


WaTCHWORD OF THE MNTUOM MEER 
on 


& MANUFACTURING COMPANY 
577 Elm Street, Kearny, N. J. - Chicago 2, Ill. - Los Angeles 13, Calif. 
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LABORATORY 
HIGH HEAT 
“FURNACES FOR 
“lectric laboratory furnaces, designed for Kanthal Super Cermet 
flements and for REH Tubular Elements, provide continuously 
1igh temperatures at remarkably low cost. 
Kanthal Super Elements provide continuous furnace operating 
temperatures up to 2700°F and 2900°F in Tubular and Box 
Furnaces. Furnaces are supplied with platinum-rhodium 
thermocouples. 
Kanthal REH Tubular Elements provide continuous furnace 
temperatures of 2370°F, and intermittent temperatures up 
to 2460°F. Type RH-1 tubular furnaces are supplied with 
thermocouple and safety fuse. 


Chamber Dimensions 


Wiito 12°X 8 ks 

Up to 2-3/4” ID x 29” long 
IDs of 1-9/16”, 2-3/4", or 4” 
in 7-7/8" or 19-3/4” lengths 


‘ements and parts available separately. Write for complete data and prices. 


at THE KANTHAL CORPORATION 


19 Amelia Place, Stamford, Conn. 


lement Furnace Type 


‘anthal Super Box 
‘anthal Super _— Tubular 
(EH Tubular only 


Canadian Rep., Ferro Enamels, Ont. Canada 
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SEMICONDUCTOR 
ALLOY 
KIT 
NO. Z-100 


In order to satisfy the needs 

of semiconductor research and 

development engineers for development quantities 
of high purity alloy preforms, Accurate Specialties 
Co., Inc. has now made available this unique semi- 
conductor alloy kit. Using this kit, research engineers 
can now speed the development of new devices 
and processes, without the delays and setup costs 
previously encountered in procuring small develop- 
ment lots. 


Nore... 


Kit Z-100 consists of 24 different semiconductor alloys price 
in various useable forms such as discs, washers, and 
spheres. In excess of 25,000 preforms, in alloys with $ 00 
melting points from 325 to 1100 deg. F., are contained 

in this kit. 

Accurate Specialties Co., Inc., metallurgical staff wel- 
comes your inquiry regarding this kit, or your special 
semiconductor materials requirements. 


>> ACCURATE 


Specialties Co., Inc. 
345 LODI STREET—HACKENSACK, NEW JERSEY—HUBBARD 9-4650 


F.O.B. plont 


Ask for Bulletin Z-100 
Dept. SP-5 
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DESPATCH sve FURNACE 


WITH NEW 
THERMIONIK 
POWER 
SYSTEM 


This versatile new tube furnace 
offers two outstanding advan- 
tages—the Thermionik power 
system, and a greatly reduced 
heat dissipation. 

The Thermionik power sys- 
tem is the first and only to use 
thyratrons to pulse power to 
heaters. It allows great savings 
in cost, space and weight, and 
temperature control accuracy 
is limited only by the accuracy 
of the sensing control system 
selected. 

Heat dissipation is kept to 
a minimum because body is 
made of castable refractory 
with highest insulating qualities. 

Automatic or manual con- 
trol. Muffle type and special 
models available. 


Model SC-32 

Temperatures to 2600° F, 

7 KW,120/1/60 VAC 
Ceramic Tube 22” O.D.x36” 


For additional information, write today for free bulletin 206-574. 


7 ph 


Burn-off Sterilizers Drawer 


ovens 3} = ovens ©1960 
. Box TT] 
furnaces [ | | |] Walk-in batch ovens 


Laboratory ovens 
Pot-type $ 
furnaces PRel 


DESPATCH OVEN CO. 619 S.E. 8th St., Minneapolis 14, Minn. 
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acceptance won... 
growing preference... 


reasons wily... 


Industry preference in 
glass-to-metal sealing 
is now growing for 
Karak W120 


jigs 
boats | 
A inserts / 


because: 


Low ash content 

No trace of rare earths 
No trace of arsenics 
No trace of antimony 


Average hardness of 68 
(Shore Scleroscope) 


Average apparent density of 1.68 
Exceptional life reported 
Extreme resistance 
to thermal shock 
Dimensional stability 
Cannot fuse to molten glass 


or metal 
FREE ON REQUEST: a certified copy 


of the report of an independent 
Spectrographic Laboratory, on 
their analysis of the ash content 
of Karak W120. 


a LL) SNe eT 


CARBON COMPANY 


Ta 12508 Berea Road, 
Dept. 118, Cleveland 11, Ohio. 
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New 
Literature 


A new four-page illustrated bulletin 
describing General Electric’s recently de- 
veloped clear silicone potting compound 
(LTV-602), is now available from the 
company’s Silicone Products Department. 
Designated CDS-280, the bulletin lists the 
complete properties of the new compound 
and outlines a simple procedure for pre- 
paring it for use. Publication is vividly 
illustrated with many photos. 
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Two separate, 2-page sheets give a de- 
tailed presentation of various probes 
which preserve the transient response of 
Tektronix Instruments: for dc-to-30 mc 
oscilloscopes: series of twenty-four probe 
assemblies offers choice of three attenua- 
tion ratios and four cable lengths termi- 
nated in either a BNC or UHF connector; 
for dc-to-15 mc oscilloscopes: series of 
eight probe assemblies with attenuation 
ratio of 10 to 1 with choice of four cable 
lengths and either BNC or UHF con- 
nector. 
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Electronic Research Associates, Inc., an- 
nounces the availability of a new two 
color catalog sheet #121 which describes 
the company’s new Tunnel Diode Power 
Source, Model TD6M. The catalog sheet 
provides full technical and descriptive 
data on this new design. 
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The Lansdale Division of Philco Cor- 
poration has published a “Transistor 
Guide for Communications Circuit De- 
signers.” The guide presents a compre- 
hensive summary of the basic ground 
rules to be followed in designing tran- 
sistorized communications circuits. Val- 
uable rules of thumb are included to pro- 
vide circuit designers with a practical 
understanding of the results that can be 
expected from transistorized communica- 
tions equipment. 
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A new 16-page catalog (1-HR) describes 
Birtcher transistor/diode heat radiators 
available from stock. Details and draw- 
ings of more than 72 semiconductor ra- 
diators are listed for most TO case out- 
lines. As an aid in ordering various 
radiators, TO case outlines are dimen- 
sioned and cross-referenced to all Birt- 
cher part numbers. The catalog also in- 
cludes a comprehensive handbook on 
thermal cooling. 


Circle 165 on Reader Service Card 


Bulletin Z-109, a 2-page data sheet de- 
scribing high purity precision solder foil, 
is now available from Accurate Special- 
ties Co. The bulletin includes complete 
specifications on solder foil, listing mini- 
mum thickness of .0005”, widths to 6.00” 
maximum with tolerances on thickness 
held to plus or minus .0001”. In addition 
to special alloys, the bulletin lists on page 
z oe on 32 standard alloys available as 
oil. 
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EISLER @eea name to 


member in GLASS WORKING MACHINERY; 
—Automatic and Semi-Automatic Mall 
chines to suit your production needs jy 
the electronic and TV tube industry. 

EISLER 72 KVA PRECISION VERTICAL SPOT WELDER 


geen 3 


AUTOMATIC SEALING-IN MACHINE 


NO.57-12-CW 


HIGH TEMPERATURE HYDROGEN 
ATMOSPHERE FURNACE 


NO.23-24-BST| 


EISLER ENGINEERING CO., INC. 


766 So. 13th St., Newark 3, N.J. 
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o the layman, slicing it thin sug- 


... or trying to 
ake a little bit go a long way — 

Jike dividing an apple pie among a 
ozen hungry boys. 


Jn the materials processing field, 
licing it thin is different — it’s a 
condition much to be desired. 


As a matter of fact, the ability to 
produce silicon slices of the ex- 
actly correct micrometer thinness 
is what separates the men from 
the boys. 


And when it comes to slicing it thin, 
Semiconductor Specialties Corpora- 
tion offers positive results of above 
average yield to users of its service. 


Semiconductor Specialties is 
equipped to process silicon, ger- 
manium, quartz, ferrites, ceramics, 
intermetalics, IlI-V compounds, and 
other exotic materials. 


aaa slicing, 
-~ lapping, 
He etching, 
aan 

rw 

Ge at ir 
AL sizing, 
aaa special 
Ete shapes. 


SEMICONDUCTOR 
PECIALTIES CORP. 


252 Garibaldi Ave., Lodi, N. J. 
PRescott 3-6933 
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Dow Industrial Service four-page pam- 
phlet, entitled “Foam,” discusses new 
technique of cleaning industrial equip- 
ment, utilizing lightweight foamed sol- 
vent for greater efficiency, economy. 
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The Cleannaire cabinet, for use wher- 
ever a dust-free environment is required 
in precision and high reliability opera- 
tions, such as white rooms, laboratories 
and model shops, is described in a new 
brochure made available by Plastigage 
Corporation. 
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A new technical specification bulletin 
describing a precision voltage source is 
available on request from Electronic De- 
velopment Corp. (EDC). The new bulletin 
provides complete operating and specifi- 
cation data on the new Model VS-111 pre- 
cision Voltage Source, which features an 
extended d-c output voltage range of 
+111.11 volts, selectable in 10 millivolt 
steps. 
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Valor Instruments, Inc., 16-page catalog 
describes a complete line of high effi- 
ciency, compact, highly regulated d-c 
power supplies. The design principles 
used to achieve the extremely high effi- 
ciency of 80% is explained. The complete 
line of 90 supplies includes modular, rack 
and cabinet models with outputs up to 
30 amperes and 60 volts and regulations of 
0.01% and 0.1%. 
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The availability of a new short-form 
catalog covering its line of silicon power 
transistors and silicon glass diodes has 
been announced by Silicon Transistor 
Corp. The new brochure, lists STC’s line 
of intermediate and high power transis- 
tors and a JEDEC and STC types cross 
reference chart. 
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The new 1961 short form catalog cover- 
ing the 22 major regulated power supplies 
designed and manufactured by Harrison 
Laboratories, Inc., is now available for 
industry. The catalog, covering the latest 
developments in regulated transistorized 
power supplies lists complete specifica- 
tions and latest engineering features. 

Circle 171 on Reader Service Card 


Various kinds of corrosion and the dif- 
ferent metals suited to resist them are 
given a thorough review in “Harper Cor- 
rosion Guide,” a 24-page illustrated bro- 
chure published by the H. M. Harper 
Company. Written to help manufacturers 
build corrosion resistance into their prod- 
ucts and properties, the guide analyzes 
the seven basic types of corrosion and 
shows what specific kinds of metals best 
resist them. 
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A new six-page brochure, Bulletin V- 
125, describes the expanded line of low 
vapor pressure brazing alloys produced 
by Western Gold and Platinum Co. Spe- 
cification charts detail the composition 
of a wide range of alloys produced speci- 
fically for use in high-vacuum electronic 
applications and available in wire, sheet, 
ribbon, powder, preforms and the new 
Flexibraze, a special slotted strip that 
provides economy for research lab and 
production work. 
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MAY 1961 


anh eee, 
YOU CAN DEPEND 
UPON ANY ONE OF 
THE MORE THAN 
4500 DIRECT 
SUBSTITUTIONS IN 


"RIDER'S 


INTERNATIONAL 
TRANSISTOR 
SUBSTITUTION 
GUIDEBOOK 


(Direct Substitutions Only) 
by Keats A. Pullen, Jr., Eng. D. 


es $150 


Only an engineer with the experience 
of the author — Keats A. Pullen, Jr., 
(member of the Scientific Staff, Ballis- 
tics Research Labs., Aberdeen Proving 
Grounds) could have compiled this 
direct transistor substitution guide- 
book. And, only the painstaking criti- 
cal examination of the electrical speci- 
fications and the holding to close 
tolerances of each substitution could 
assure reliable circuit operation. 
Direct substitutions subject to quali- 
fications bear the qualifying informa- 
tion. These are your assurances of re- 
liability! Everyone who works with 
transistorized equipment—repairing, 
maintaining or designing—or the man 
who buys replacements—or who sells 
replacements—must have this reliable, 
time-saving tool. Here’s why: 


@ COMPLETE AND COMPREHENSIVE — Lists 
more than 4500 direct substitutions com- 
prised of American, Japanese, British, 
French, German, Dutch and Italian tran- 
sistor types. Includes triodes and tetrodes. 


@ PROVIDES MECHANICAL DIMENSIONS—Not 
only are the direct electrical substitutions 
shown, but case styles, dimensions and 
basing diagrams for the original and sub- 
stitute also are given for maximum sub- 
stitution flexibility. 


@ COVERS TRANSISTORS USED IN ALL TYPES 
OF ELECTRONIC EQUIPMENT — Covers tran- 
sistor substitutions for radio and television 
receivers, amplifiers, phonographs — all 
types of military, industrial, communica- 
tion and computer equipment. #276—$1.50. 


FOR RELIABILITY IN TRANSISTOR SUBSTITU- 
TIONS—-get your copy of the Rider Inter- 
national Substitution Guidebook at your 
electronic parts distributor, or order direct 
from publisher. Write Dept, PFR-5. 


Pw ©) JOHN F. RIDER PUBLISHER, INC. 
116 West 14th St., New York 11, N. Y. 
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Graphite Facts 


by George T. Sermon, President 
United Carbon Products Co. 


Some small talk... 


From my past comments in this 
column, some may suspect that I 
disapprove of small, local shops. 


The truth is—we both need them. 
They serve United by keeping our 
plant free from the clutter of non- 
profitable, low volume orders. Also, 
they force us to keep on our toes 
when competing for jobs we both 
can handle profitably. 


These same shops provide you with 
single graphite parts, customized 
for you, at a reasonable price. 
Delivery and service are good. 


How we both serve you — each in 
our own way — is illustrated best 
by newspapers. In Bay City we like 
our local daily — The Bay City 
Times. But, with its plant and edi- 
torial staff, we know it couldn’t 
handle the job of putting out the 
New York Times. 


And, if the New York Times plant 
and staff had to be supported by 
Bay City, papers would cost a dollar 
or more apiece. 


That’s why it is wise for manage- 
ment in considering sources for vital 
graphite parts to review their own 
market potential. 


United has the experience, staff, 
plant and financial strength to help 
you achieve a profitable volume. 
That’s our objective. 


WRG carbon products co. 


BOX 747 BAY CITY, MICHIGAN 
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INDEX TO 
ADVERTISERS 


For reference purposes, the advertisers 
index includes all regular advertisers 
who have run within the current con- 
tract year. These advertisers who appear 
in this issue are indicated by the page 
number adjacent to their listing, and are 
shown in a bold-face type. 
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Dow Corning Corporation ..... 9, 12 
Duramic Products, Inc. ......... 69 
Dynatran Electronics Corporation 
Eagle-Picher Company, The .... 18 
Eisler Engineering Co., Inc. .... 76 


Electro Impulse Laboratory 

Electronic Laboratory Supply 
Company 

Electronic Research Associates 
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TRANSISTOR-DIODE| 


ESTERS 


| 
Laboratory Accuracy | 


Production Versatility j 


Accurate for use in precision laboratory analysis 
of semiconductor devices, Trans  Electronicsa 
Transistor and Diode Testers have the versatility’ 
and ruggedness for use by unskilled operators 
in quantity testing. Types available: Voltage- 
regulated, with 6 current ranges between 10 
and 3000 milliamps; 2 voltage ranges: 0-1000) 
and 0-3000 millivolts; remote load sensing, 
Forward-Current and Reverse-Current, Saturation~ 
Voltage (Exs-lb) types available. Two classes 
of Forward Testers provide ranges of 0-3 amps, 5 
and 0-3 volts; Back Testers, 0-1000 and 0-3000) 
volts, each with 1 milliamp current capability, 
Meter ranges: 3 milli-microamps to 1 milliamp, 


¢ Keyboard Metering 
Mirrorback (1 %) Meter 


. 
! 
¢ Meter in Electronic 
* Metering Circuit 


INQUIRE ABOUT OTHER TRANSISTOR 
AND DIODE EQUIPMENT OFFERED BY: 


TRANS ELECTRONICS, inc 


7349 Canoga Avenue 
Canoga Park, California 
Diamond 0-3333) 
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How To Get Things Done 
Better and Faster 


BOARDMASTER VISUAL CONTROL 


% Gives Graphic Picture—Saves Time, Savi 
Money, Prevents Errors 

% Simple to operate—Type or Write oa 
Cards, Snap in Grooves 

% Ideal for Production, Traffic, Invent} 
Scheduling, Sales, Etc. 

% Made of Metal. Compact and Attractiw 
Over 500,000 in Use 


Full price $4950 with cards 


24-PAGE BOOKLET NO. CT-5 
Without Obligation 


Write for Your Copy Today 


GRAPHIC SYSTEMS 


YANCEYVILLE, NORTH CAROLINA 
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i 


PURITY /PRECISION 


or the Semi-Conductor Industry 


SEM! - ALLOYS 


HERMETICALLY SEALED 


< ane 


‘ 
INSTANTLY RECAPPABLE 


Partial List of Components 
DISCS 
WIRE FORMS 
BASE TABS 
FOILS 


smplete facilities for high purity unusual 
oys and shapes on short notice. 


r further information call or write... 


20 North Macquesten Pkwy. 
Mount Vernon, N. Y. 
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ACID | 
*RS ei yomic HE a 
NITRIC 50% 


NEW Anti-Acid Tweezers 
Cut Replacement 
costs 80% 


Now you can cut Tweezer replacement costs 
with new “Eremite’’ anti-acid, anti-magnetic 
tweezers. When tested against stainless-steel 
tweezers the ‘“‘Eremite’’ tweezers resisted 
corrosion up to 80% longer. 

Designed especially for handling semi- 
conductor materials, these precision tweezers 
stay bright and keep positive grip without 
breaking or scratching delicate ‘‘wafers’’... 
even after days of continuous use. 

Write for free information, including speci- 
fications and illustrations of over 60 tweezer 
types and sizes. 


SEMI-CONDUCTOR 
TWEEZER DEPT. 


<> 


... the name 
to watch 


9851 Alburtis Ave., Santa Fe Springs, Calif. 
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HIGH FREQUENCY 
Juductiou 


4. , Lepel induction 
/ # heating equipment is the 
most practical and efficient 
source of heat developed for 
numerous industrial applications 


DUAL PURPOSE 
FLOATING ZONE AND 
CRYSTAL PULLING FIXTURE 


A new fixture with separate attachments 
for crystal pulling and floating zone appli- 
cations for use with a high frequency 
induction heating generator. 


THE FLOATING ZONE METHOD is used ex- 
tensively for zone refining and for grow- 
ing crystals of high purity silicon for semi- 
conductor devices by traversing a narrow 
molten zone along the length of the proc- 
ess bar in a controlled atmosphere. 


THE CRYSTAL PULLING METHOD is used for 
growing single crystals of various mate- 
rials, especially germanium, by bringing 
a seed of known crystal orientation into 
contact with the surface of the molten 
metal and slowly withdrawing the seed, 
Producing progressive crystallization. 


CRYSTAL PULLING 


The Lepel Model HCP-D consists of the 
basic unit with the traverse mechanism 
and all the controls including the controls 
for the operation of the generator, and the 
floating zone and crystal pulling attach- 
ments, The same basic support, program- 
ming and control unit is used in either 
adaptation. The major variations are in the 
attachments and the induction coils. The 
change from one application to the 
other can be accomplished in 
a very short time. 


Our engineers will process your work 
samples and return the completed. 
job with full data and recommenda- 
tions without cost or obligation. 


WRITE FOR NEW LEPEL CATALOG 
d os Lick FREQUENCY 
£££ LABORATORIES, INC. 
55th ST. & 37th AVE., WOODSIDE 77. N. Y. 
CHICAGO OFFICE: 6246 WEST NORTH AVE. 
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now...When minutes count 


LAFAYETTE 
delivers up to 52O0O0 


industrial silicon transistors 


at germanium prices 


If its new, you can expect it 
first from Lafayette—and 
now Lafayette offers silicon 
stability and reliability at 
economical germanium 
prices. 

The entire Texas 

Instrument Industrial Silicon 
Transistor Series, 

available in production 
quantities of up to 5,000 of 
each type at factory prices 
(prices for additional 


quantities quoted upon 
request). And when minutes 
count, Lafayette supplies 
same day shipment to any 
point in the U.S. from any of 
FOUR great industrial 
stocking centers. 


Texas Instruments new industrial silicon transistors provide increased 
design freedom and safer margins of design to 125°C guaranteed .. . up to 
80-v BVCBO ... 70-V BVCEO ... . from dc to 40mc frequency ratings with a 
wide choice of current gains from 9 to°250. Meet your 100ua to 20 ma needs 
with grown junction units; 20 ma to 300 ma with mesa types. Units are typed 
and priced specifically for industrial application in controls, communica- 
tions, aviation systems, electronic instrumentation and computers. 


When Your Need Is Immediate,Depend On Lafayette. 


INDUSTRIAL 
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“ENTERPRISE”? NUMBERS IN MAJOR CITIES 


ELECTRONICS DIVISIONS 


JAMAICA NEW YORK NEWARK BOSTON Trak Electronics Co. Div. of 

165-08 LIBERTY AVE. 100 SIXTH AVENUE 24 CENTRAL AVE. 110 FEDERAL ST. CGS Labs. 

JAMAICA 33, N. Y. NEW YORK 13, N.Y, NEWARK 2, N. J, BOSTON 10, MASS. ‘ : : 

AXTEL 1-7000 WORTH 6-5300 MARKET 2-1661 HUBBARD 2-7850 Trans Electronics Corporation ... 78 
TWX: NY 4-933 TWX: NY 1-648 TWX: BS-447U Tri-Metal Works, Inc. .......... 23 
FREE DATA For Full Information Write or Send Coupon Trinity Equipment Corporation 


Unitron Instruments Division of 

United Scientific Company 
Veeco Vacuum Corporation 
Wallson Associates, Incorporated 
W. M. Welch Manufacturing 


Lafayette Radio Dept. SP E-1 
165-08 Liberty Ave., Jamaica 35, N. Y. 


Please Send Application Notes and Design Curve on 
Texas Instrument Industrial Silicon Transistors. 


NOUR TNAM ES ocr sic ccpson, ce eee aoe eee ee Cor Company 

TITLE West Instrument Corporation ... 67 
Be ery Rt ian PAT og Wheeled Indusiialhaseee 

COMPANY 22.0.0. .cetcceg eee Division 


ADDRESS S. S. White Industrial Division 
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le crystal MONSANTO SILICON — float-zone- 
ed with parameters precision-tailored to customers’ 
ifications—assures these advantages: 


Extremely flat vertical and horizontal resistivity profiles 
Excellent crystal structure—no slippage or lineage 


Boron level in n type crystals less than 0.25 ppb—for 
minimum compensation effect 


Uniform radial and vertical dislocation density 
Low oxygen content—less than 1 x 101© atoms per cc. 


Uniformly tight diameter control 


your own? Find out how Monsanto micropure poly- 
alline silicon can help boost your ingot yield. Boron 
ent guaranteed less than 0.25 parts per billion 
ically less than 0.15 ppb). 


Circle No. 2 on Reader Service Card 


NSANTO SILIGON 


give you the profitable combination of 


MONSANTO SILICON is being pro- 
duced in this modern multimillion- 
dollar plant--backed by a 60-year 
tradition of ‘‘tailoring’’ materials to 
critical specifications. 


Here, too—and at other R&D facilities 
—Monsanto Scientists and Technolo- 
gists are developing promising new 
semiconductor materials and process- 
ing advances— including new poly 
and single crystal intermetallics. We cordially invite your inquiries. 


Se SS Use the handy coupon -—— 


MONSANTO CHEMICAL COMPANY 
Inorganic Chemicals Division 
Electronic Chemicals Dept. 4213 
St. Louis 66, Missouri 


Monsante 


mer | . “yr e 
Please send me: |_| Monsanto mono- and polycrystalline silicon 
specifications. { | Information about new intermetallics. 
NAME 
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SPRAGUE MADT* transistor 


High-speed switching transistors in TO-18 
cases are now being mass-produced by Sprague. 
These hermetically-sealed germanium Micro- 
Alloy Diffused-base Transistors are made by a 
controlled-etch process to insure extreme uni- 
formity. Maximum frequency capabilities have 
been improved by graded-base construction. 
Automated manufacturing techniques have 
brought about increased production efficiency, 
permitting favorable reductions in prices. This 
is why Sprague MADT Transistors can offer you 
greater performance per dollar than other high- 
speed devices in low-current switching circuits. 


*Trademark of Philco Corporation 


SPRAGUE COMPONENTS 


TRANSISTORS 
CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
Circle No. 3 om Reader Service Card 


TYPE 2N768 


e Micro-energy switch—designed for low current, lows 
age, high speed applications 


e 10 mc pulse rates, collector currents as low as ln 
collector supply voltages as low as 1 volt 


e Noreduction in switching speed, as with ordinary lowet 
rent, lowvoltage devices. Permits higher density packagi 


e Typical DC beta of 40 @ Vee = —0.20v, lc = —2ma 
. | 


TYPE 2N769 


e World’s fastest switch—will operate reliably at speeds 
excess of 100 mc ’ 


e Gain bandwidth product (f;) typically 900 me 


e@ Lowcapacitance, low saturation voltage, high beta—ide : 
for low-level, high-frequency logic circuits 


e Extremely low hole storage factor (K’s) typically 18 nsec 


TYPE 2N779A 


e Manufactured with tighter parameter control than ai 
other transistor in the industry ‘ 


e Designed to meet rigid specifications of 16 electricak 
characteristics—ideal for NOR logic and other supe 
critical applications 


® Low saturation voltage—typically 0.09 volts 


@ Higher in performance, lower in price than mesa tral 
sistors with lesser specifications 


Other Sprague Micro-Alloy Diffused-Base Transistors | 
APPLICATION 7 
Amplifier, to 100 me a | 


Ultra High Speed Switch 
(Storage Temperature, 85 C) 


Ultra High Speed Switch 
(Storage Temperature, 100 C) 


2N499 


2N501 


2NSO1A 


2N504 
2N588 


For complete engineering information on the types 
which you are interested, write Technical Literatut 
Section, Sprague Electric Company, 467 Marshall Street 
North Adams, Massachusetts. 


SPRAGUE 


THE MARK OF RELIABILITY 


‘Sprague’ and *@’ are registered trademarks of the Sprague Electric | Oe" 
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